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ABSTRACT 


A review of the possible role of conformational 
isomerism in the physiological actions of acetylcholine 
(Ach) is given. A case is made for the further study of 
the conformation of Ach and that of analogs of greater 
molecular rigidity, and for the pharmacological evalua- 
tion of compounds of this type. To this end four syn- 
thetic series are described, namely, 

a) some acylic Ach analogs in which one of the NMe 
groups is replaced by a bulkier alkyl or arylalkyl func- 
Lon; 

b) (i) —trans— and®cis-2-aminocyciohexy l™acetate 
methiodides and related esters with potential anticholi- 
nergic properties, 

c) analogs of the simple cyclohexane acetate methio- 
dides containing an anchoring t-butyl substituent, and 

d) some morpholine derivatives. 

PMR characteristics of compounds synthesized are 
reported and interpreted in terms of configuration and 
conformation. These data, together with some IR dilution 
studies provide evidence for a preferred ce gauche con- 


formation for Ach and its analogs as solutes in water. 
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CHAPTER I 


HISTORICAL INTRODUCTION 


I AaTIAHD 


KWOITDUGOATVI JADIACTeIs 


One of the functions of acetylcholine (Ach ewes 
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Me ,NCH,CH.OCOMe 
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the transmission of nerve impulses between neuron and 
neuron, between neuron and muscle cell, and between 
neuron and secretory cell within the parasympathetic ner- 
vous system (Nachmansohn, 1959). Some of its actions in 
this respect are reproduced by (+)-muscarine (2) and 


others by nicotine (3), and these facts have given rise 


iS) 
Jw 


to the designation of Ach properties as either musca- 
Gini or acer nee The former properties are blocked 
by atropine and the latter by hexamethonium. 

The duality of action of Ach suggests the exis- 
tence of at least two distinct types of Ach receptor and 
much speculation has been made regarding the possible 
role of conformational isomerism in the physiological 


action of Ach (Martin-Smith, etyal., 1967a). It may be 
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proposed, for example, that Ach in the gauche (or skewed) 
conformation (4a) associates at the muscarinic but not 


the nicotinic receptor, while the reverse is true for 


the trans conformer (4b). Conformational isomerism in 
e 
SP sy lee 
N 
H OAc H 
H 

OAc 

4a 4b 


Ach depends upon free rotations about the C-C and C-O 
bonds of the choline fragment. An infinite number of 
conformers are possible and of these, nine separate well- 
defined conformations for Ach must be considered. These 
are the full’ staggered conformation (5) and four pairs of 


identical skewed forms (5a, 5b, 5c, and 5d) (Gill, 1965). 
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Data of relevance to the problem of establishing 
the validity or otherwise of the conformational isomerism 
concept include 1) investigation of the preferred con- 
formation of Ach under physiological condition, and 2) 
the pharmacological evaluation of rigid or semi-rigid 
Ach analogs which reproduce, in varying degree, gauche 
orf trans conformation of Ach. 

There is evidence from X-ray analyses (Canepa 
et ale, 19667 Chothia and Pauling, 1968) -and from ay PMR 
study in deuterium oxide (Culvenor and Ham, 1966) that 
the preferred conformation (6 and 7) of Ach is that in 


which acyloxy oxygen is gauche to the nitrogen atom. 
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These reults are consistent with that deduced from mole- 
Cudareoubieal calculations (Kier, 1967 )}.4"On steric 
grounds, a trans arrangement is preferred, especially 
when the N and O functions are solvated, and the above- 
mentioned work indicates that some form of veer inter- 
action operates to offset steric hindrances. This view 
is supported by infrared studies in ethanol (Fellman 
and Fujita, 1962, 1963, 1965 and 1966), and by another 
work in water which has challenged the former's inter- 
pretation (Canepa and Mooney, 1965). Details of these 
spectroscopic studies are given later in the thesis. 

Work upon more rigid analogs of Ach is summarized 
below: 

aye stropane Derivetives (Archer etlal 731962) ). 
20-Acetoxytropane methiodide (8a) (trans N/O geometry 
more probable) possesseS weak muscarinic activity while 
28-acetoxytropane methiodide (8b) (gauche N/O more 
probable) possesses stronger nicotinic activity than the 


former. Muscarinic activity was absent in the 8-isomer. 
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b) Decalin Derivatives (Smissman eco, 1966; 
Smissman and Chappell, 1969). All four isomeric 3- 


eEimethy lammoyium—2—-acetoxy—trans—decalin iodides (9) 
have been tested as cholinergic agents on guinea pig 
ileum but are largely devoid of activity. The most po- 
tene ene, (2a), (with formally axial Weeion OCOMe geo- 


metry) has a potency relative to Ach of 0.06. No 
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nicotinic properties were found for (Qa) mand 3(e)ocr1— 
methy lammonium-2(a)-acetoxy-trans-decalin iodide (9b). 

c) Cyclopropane Derivatives (Armstrong et al., 
PIGEyechiouvet al. 1969) trans— sands cis —-2-Acetoxy- 


cyclopropyl-trimethylammonium iodides (ACTM, 10a and 10b) 


+ a 
NMe 3 AcO NMe 3 
AcO 
10a 10b 


were prepared and tested for both muscarinic and nicotinic 
activities. The (+)-trans-ACTM was found to have strong 
muscarinic activities on dog blood pressure (4.7 times more active 
than Ach) and guinea pig ileum (1.13 times of Ach), while the 
levo form was only feebly active in these respects. The (+)- 


and (-—)-cis-ACTM were devoid of muscarinic activities and 
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were expected to have strong nicotinic activities owing to 
their cisoid conformation, however, negligible nicotinic 
activity on frog rectus abdominis muscle was observed. 

d) Decahydroquinoline Derivatives (Smissman and 
Chappell, 1969). In an assay of muscarinic action, l-methyl- 
3 (a) -acetoxy-trans-decahydroquinoline methiodide (lla) 


proved to be a partial agonist having a relative potency on 
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a molar basis of 0.02 as compared to Ach. The equatorial 
tsomer, (11b) had no agonist properties.. “Neither of the 
isomers were found to be active as nicotinic agents. 

The cited reports, therefore, strongly suggest that 
the transoid conformation of N/O favors action on the 
muscarinic: receptor, elthough all cyclic analogs of Ach 
tested, except the cyclopropane derivatives, are not really 
conformationally rigid molecules and deformation of the 
cyclic rings are probable owing to the steric repulsion be- 
tween the cationic nitrogen head or acetoxy group and the 


rest of the molecule. 
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CHAPTER II 


AIMS AND OBJECTS 


Ii AaTSAHS 
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It is evident from the preceding literature survey 
that clear-cut evidence of the conformational requirements 
of the reported muscarinic and nicotinic agonists remains 
to be solved. In an attempt to provide further information 
about the interactions between cholinergic agonists and 
their receptors, the present work was planned. 

1) To extend the spectroscopic studies (PMR and IR) 
of Ach with a view to the firm establishment of the pre- 
ferred conformation of this molecule, especially under con- 
ditions close to the physiological environment, and to gain 
a better understanding of interactions (steric and elec- 
Gronic): which govern molecular configuration in, this com- 
pound. 

This work involved a) the synthesis of Ach analogs 
Ofutypes (22) an which one of the NMe group of Ach as re- 
placed by a bulky alkyl or arylalkyl group and b) the syn- 
thesis of certain morpholine derivatives to serve as possible 


modelsfor the PMR analyses. 
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2) To extend knowledge of more rigid analogs of 
Ach. This work involved the stereochemical assignments 
(configurational and conformational) and pharmacological 
evaluation of two series of Ach analogs based upon cyclo- 
hexane. These were 

aj) (2) -trans= “and cis=2-dimethylaminocyclohexy 1 
acetate methiodides. 

b) analogs of the above containing an anchoring 
Tebutyl substituent.) These compounds were considered. for 
study in the hope that some would display potencies 
higher than that obtained in the related decalin deriva- 
tives of Smissman and others (1966) and allow a conclusive 
identification of the conformational requirements of the 
muscarinic and nicotinic receptors. The synthesis of a 
few potential antagonist analogs was planned in addition 


to agonists. 
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1) SYNTHESIS OF ACYCLIC ACETYLCHOLINE ANALOGS 
a NN 


Acyclic Ach analogs (13-16) of type (2) could not 


Me 
R-*N-cH,CH,ocoMe 
Me 
12 
R = -CH,CH=CH, 12) 
-CH,Ph 14 
~CHMe, ies 
~t-Bu 16 


be traced in the literature. At first, 2-dimethylamino- 


ec lwacetate (ly) was used as substrate stor quarerniza— 


tion with various alkyl halides. The allyl derivative 


Me .NCH.CH.OCOMe 


dy 


(13) was synthesized. by this route, but difficulties were 


encountered during the preparation of the benzyl and iso- 


propyl analogs (V4 and 15) (see later). 2-bimethylamino- 


ethanol was thus used as the starting material in these 


cases. As regards to the t-butyl analog (16), reaction of 
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the ester (17) with t-butyl bromide gave the hydrobromide 
of the ester (17) instead of the expected quaternary 
salt (16). This compound was subsequently synthesized 


from 2-t-butylaminoethanol (18). 


E-Bu-NHCH.CH.,OH 


18 


(8-Acetoxyethyl)allyldimethylammonium Bromide (13) 


Allyl bromide in acetone and 2-dimethylaminoethyl 
acetate in acetone were mixed and spontaneously gave 


the desired product (13) in quantitative yield. 


(8-Acetoxyethy1) benzyldimethylammonium Bromide (14) 


An acetone solution of benzyl bromide and 2-di- 
methylaminoethyl acetate was heated under reflux for 
three hours. The IR spectrum of crystals after removal 
of the reaction mixture showed a strong Yor band at 

i 


i 


2200) cmos and a relatively weak 9 Bene sve (7S cine 


C=O 

Further recrystallization gave the pure benzyldimethyl 
(B-hydroxyethyl) ammonium bromide (19); the m.p. of the 
product was not depressed by mixing with the compound which 
resulted from quaternization of 2-dimethylaminoethanol 


with benzyl bromide. The title compound was prepared 


by quaternizing 2-dimethylaminoethanol with benzyl 
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bromide and then by acetylating the resultant quaternary 


Salt slo) with “acetic anhydride in pyridine. 


(8-Acetoxyethyl)dimethylisopropylammonium Bromide (25) 


The preparation of the title compound was attempted 
several times by refluxing an acetone solution of iso- 
propyl bromide and 2-dimethylaminoethyl acetate for a period 
of 2 hours to 24 hours, however, no crystals were obtained 
or the yield was poor. When acetonitrile was used as sol- 
vent, the desired product, about 10% yield, was isolated 
after a 24 hours reflux period or by leaving for 7 days at 
room temperature. This route was not promising and the 
method used for making benzyl analog (14) was employed as 


illustrated in the following scheme: 
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It was found that acetonitrile was a better reac- 
tion solvent than acetone for preparing the alcohol 
Quaternary salt (20). The reason for this is probably 
due to a difference in the dielectric constants of the 
two solvents, that of the former being the higher, since sol- 
vent polarity plays an important role in reactions in 


which ions are generated. The title compound easily 


undergoes hydrolysis. 


(8-Acetoxyethyl)-t-butyldimethylammonium TIodide (16) 


Various reaction conditions, such as refluxing 
the acetonitrile solution of 2-dimethylaminoethyl acetate 
anciae-butyinbromide tome stoes0 jhouns forts tanding “the 
solution at room temperature were tried to obtain the 
titlescompound. [twas found tthate theeproduct™isolated was the 
hydrobromide of 2-dimethylaminoethyl acetate, the m.p. 
of which agreed with the literature value (Tammelin, 
1957). The elemental analysis of this salt also support- 
ed the designed formula. The mechanism for the formation 
of ethe thydrobromide salt instead of t-butyl iquaternary 
cet acl) Mtsmthaty elimination of tsbucy? bromide is 
favored over nucleophilic substitution of 2-dimethylamino- 
ethyl acetate by t-butyl bromide, since the reactivity of 
Garbonium ion in Sy reaction decreases in order jee 3°. 


A probable mechanism is shown below: 
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Me-C-CH.~H + ° = 
eaeac Hot Me ,NCH,CHOCOMe —>Me ,NCHCH,OCOMe*HBr + Me,C=CH, 


The starting material used in the present work 
was commerically available 2-t-butylaminoethanol (18). 
One step of N-methylation and further quaternization of 
2-t-butylaminoethanol with methyl iodide in the presence 
of sodium methoxide gave t-butyldimethylamino- 
eno eee ve cHin) ction Tan lodide (21), which was’ also pre- 
pared by Qquaternization of 2-(N-t-butyl-N-methylamino)- 
ethanol (22) obtained) trom N-methylatzon of (18)— by 
Leukart s procedure. The alcohol quaternary salt (21) 
was then acetylated with acetic anhydride in pyridine 
to afford the title compound (the synthetic pathway is 
given below). This compound is easy to hydrolyze and the 
reasonasfor) this hydrolysissis probably (due to vthe presence 
of the positive nitrogen head. To avoid hydrolysis during 
the recrystallization process, the product was dissolved 
in ethanol without heat and the crystals collected as 
SOOn_asyiorumed; 

2- (N-t-Buty1l-N-methylamino) ethyl acetate hydrochlo- 
ride (23) was made by heating the hydrochloride of (22) 
with acetic anhydride. The compound (23) 1s also easy 


to hydrolyze. 
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2-Dimethylamino-l-methylethyl Acetate (24) and Its Derivatives 
Acetylation of 2-dimethylamino-l-methylethyl alcohol 

with acetic anhydride or acetyl chloride produced the 

title compound. Its hydrobromide (25) was made by treat- 


ment of the free base (24) with hydrogen bromide. 


CH (Me) OCOMe Me..CH.CH (Me) OCOMe: HBr 


Me .NCH 5CH, 
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2-Aminoethyl Acetate Hydrochloride (26) 


H>NCH.,CH,OCOMe * HC 1 
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The reported method that a mixture of 2-aminoethanol 
and acetic acid saturated with hydrogen chloride at 0°C 
gives the title compound (Crane and Rydon, 1947) was 
attempted but the proce: isolated was the hydrochloride of 
2-aminoethanol. Acetylation of the hydrochloride of 2- 
aminoethanol in acetone using acetic anhydride provided 


the desired product (26) (Hansen, 1963). 


3, o-Dimethy l—n-butyl Acetate (27) 


1S 
Me-C-CH.~CH,OCOMe 
l Dat eZ 
Me 
2m 


A mixture of 3,;3-Dimethyl—=n-butanol (commercially 
available) and acetic anhydride was refluxed to yield 


the, trele compound (Burgen, 1965). 


ii) (A) SYNTHESIS OF SIMPLE CYCLOHEXANE ACETYLCHOLINE 


ANALOGS 


Isomeric 2-Dimethylaminocyclohexyl Acetate Methiodides 


in the literature (Baldridge et al.,) 1955; Adank 
and Stoll, 1959), (+)-trans-2-dimethylaminocyclohexanol 
(2s) and) 1s cis isomer (29) have been reported as inter- 


mediates for making (+)-trans-2-dimethylaminocyclohexyl 
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acetate methiodide (30) and its Cis. -itsomer ew) as The 
OoNus OCOMe 
+ 
= = + 
NMe, I NMe3 I7 
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trans isomer (28) was made by treating cyclohexene oxide with 


dimethylamine; ring-opening reactions of this type are known 


ayes. on 


C > “> NMe > 


28 


to follow a trans diaxial pathway (Barton and Cookson, 
1956; Parker and Isaacs, 1959). After acetylation and 
quaternization with methyl iodide, the compound (28) gave 
(4) -trans-—2-dimethylaminocyclohexyl acetate methiodide 
(30). 
Two routes have been reported for the synthesis of the cor- 


responding cis isomer (29). In one, 2-chlorocyclohexanone (32) and 
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dimethylamine were heated under pressure and the resul- 
tant aminoketone (33), without distillation or purifica-— 
tion, was catalytically reduced to give the e1s-dimethyl= 
aminocyclohexanol (29) aie product (29)) was identical 
with the aminoalcohol derived from 2-acetamidophenol (see 
below) and was assumed to have a cis configuration 


(Mousseron et ad sal 50). 
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In, the second route, (+)-cis-2-dimethy laminocyclo- 
hexanol (29) wassprepared by N, N=dimethylation of (4)=cis= 
Z-amimocyelohexanol, (34) >with methyl tosylate {Tagueha, et 
aie, 1963) The latter (34) )has been synthesized by the 
hydrogenation of 2-acetaminophenol with Raney nickel 
followed by hydrolysis (McCasland et al., 1949), and by 
the conversion of (+)-trans-2-aminocyclohexanol (35) via 
1ts p-nigrobenzamides (36)) te (+) -2-pnitropheny1—-4,5-cis= 
cyclohexanodxazoline-2 (37) and the subsequent hydrolysis 


of the product thus formed (McCasland and Sit tly we OW. 


The latter route is illustrated in the following scheme; 
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note that displacement of the chlorosulfonyl Group {(OSOCT) 


is an inversion reaction. 
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In the present work the synthesis of (+)-trans-2- 
dimethylaminocyclohexanol (28) was based on the reaction 
of cyclohexene oxide with benzylamine. This route was 


chosen because a) it avoided the necessity of employing 
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a pressure reaction, and b) the resultant primary amine 
(35) 4+) —Erans=2-aminocyclohexanol, involved, as. an 
intermediate, was capable of being transformed into its 
eispepimer (34). yWinternitz ands Thakkar (1952), carried 
out the reaction of cyclohexene oxide and benzylamine 
under pressure, but it was found, in this work, that the 
reaction proceeded well under reflux conditions at atmos- 
pheric pressure in the presence of water. (PMR data sup- 
porting the trans opening will be discussed later). The 
trans’ aminoalcohol (35) formed by catalytic debenzylation 
of (38) was then N,N-dimethylated by using Leukart's pro- 


cedure (formaldehyde and formic acid), and the resultant 
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tertiary amine (28) acetylated and then quaternized with 
methyl iodide to give (+)-trans-2-dimethylaminocyclohexyl 
acetate methiodide (30). 

Reported melting point data for the trans acetate 
methiodide (30) lack consistency (shown below), and the 


m.p. Of the product presently obtained fell between two 


of these values. The elemental analysis of this material 


i. De 
Baldridge et al. (1955) 210-211° (monohydrate) 
Adank and Stoll (1959) 134—135° 
Kay and Robinson (1969) 161-165° 
Present work 148-149° 


was consistent with anhydrous material; its m.p. was 
145-49° when recrystallized from ethanol-ether containing 
two drops of water (a higher m.p. has been claimed for 

the monohydrate). Its IR spectrum showed a characteristic 
absorption band at 1730 cm (due to the ester group), but 
in addition a medium band at 3490 om + with a shoulder was 
also present. From the analytical results this band is 
unlikely to be due to the water of crystallization and 


the absence of the free alcohol methiodide (39), 
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(+) -trans-2-dimethylaminocyclohexanol methiodide, was 
established by recording an IR spectrum of a mixture of 
the alcohol methiodide (39) and its acetate (30) when a 
peak due to the hydroxyl stretching vibration appeared at 
3200 em + (see Figure 1). It is: possible that the band 
at 3490 cm? is an unusually strong overtone of the ester 
group which absorbs at 1730 cm + (Williams and Fleming, 
1966). This type of overtone of the ester group was also 
seen in the corresponding cis isomer (31) (this will be 
mentioned below) and some cyclic analogs (mentioned in the 
experimental). 

(+) =cis-2-Aminocyclohexanol (34) was derived from 
its trans isomer (35) by treating its p-nitrobenzamide (36) 
with thionyl chloride (McCasland and Smith,. 1950) and 
Gavetthe corresponding acetate mechiodaide (el) “by the 
Same procedure-as~described for making its trans, isomer 
(30) ) “The product. “(3l) had a melting point corresponding 
with literature values (Baldridge et all, 1955; Adankeand 
Stoll, 1959; Kay and Robinson, 1969). A medium band at. 32450 
com7 + with a shoulder appeared in its IR spectrum. This 
was similar to the band seen in the spectrum of the trans 
isomer (30) and may, as betore, be attributed to an over— 
tone of the ester group absorbing at 1735 cm? . 
In all cases*(+)-cis-2-aminocyclohexyl p=nitrobenzo- 


ate hydrochloride (40) resulted in addition to the oxazoline 


(37) during the preparation of the cis oxazoline (37) when (+)- 
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trans-2-p-nitrobenzamidocyclohexanol was treated with 
thionyl chloride. Hydrochloric acid was generated during 
this reaction and also during the washing procedure, and 
this reagent is known to effect hydrolysis of oxazolines. 
The stereochemistry of reactions involved in the 
formation andthe ring opening of oxazolines has been esta- 
blished, and the assignment of the cis configuration to 
the thus formed oxazoline ina the cis-2-aminocyclohexanol 


(34) derived from the oxazoline was based on this knowledge 


(Winstein and Boschan, 1950). PMR evidence of the cis 
configuration of the aminoalcohol (34)> wilt bePdeserabed 
later. 


Treatment Of 2-p-nitrophenyl-4,5-cis-cyclonexanooxa- 


ZO lane—2) (B79 wi th HC1-H.0 (10 min. reflux) gave the corres- 


ponding cis aminoester hydrochloride (40), which by 0 > N 
acyl magration,nmearranged to (2) -—2-p-natrobenzamidocyclo= 
hexanol (41) upon treatment with base. Acidic hydrolysis 


of the oxazoline (37), the aminoester hydrochloride (40), 


or the benzamide (41) eventually yielded the (+)-cis-2- 


aninocyemonexanol(34)), but this step presented ditticul- 


ties not anticipated from the literature report (McCasland 
and Smith, 1950). Lt isiclaimed that’ the cis aminoalcohol 


(SAW teusbptained in high «vtelde(/2—-75%)bysrelluxings che 


compounds (37, 40 and 41) in 4N hydrochloric acid for 3-4 hour: 


This procedure was repeated several times and the yield 


obtained from each substrate was consistently low (about 
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20% or below), even when the reflux period was prolonged 
to 48 hours. In all cases, the hydrolysis product was 

a mixture of the cis aminoester hydrochloride (40) (the 
benzamide derivative was converted to the compound (40) 
by N * O acyl migration explained in the following para- 
graph), p-nitrobenzoic acid and the desired aminoalcohol 
(34) @hydroch lorrdeim The* ast? seit was present) inthe 
filtrate obtained after filtration of the cold reaction 
product. The IR spectrum of the residue was identical 


with. that of a prepared mixture of the aminoester HCl 


(40) and p-nitrobenzoic| acid (details in the experimental). 


oe Pete 


37 
OCOAr OH 
Bee + ArCOOH + 40 
NH>°HC1 NH, +HC1 
40 
OH 
NHCOAr 
41 


AG==—2-p-NO5-Fh 
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Fodor and Kiss (1950) reported that (2) trans ard 
cis-2-benzamidocyclohexanol (42 and 43) underwent N » O 
acyl migration to the corresponding aminoester hydrochlo- 
rides (44 and 45) when heated with ethanolic hydrochloric 


acid in a sealed tube. The N + O acyl migrated compounds 


(44 and 45) upon treatment with base were reconverted to 


the original compounds (42 and 43) by © + N acyl migration. 
H HCl OCOPh 
Sonnac eS cy Sane 
sis NaOH 
42 44 
OH HCl OCOPh 
ie acne 
NaOH 
NHCOPh NH» *HC1 
43 45 


N + O acyl migration also occured when the cis benzamide 
(43) was heated under reflux with 4N aqueous hydrochloric 
acid for 11 hours (Fodor and Kiss, 1950, heated 43 with 


HCl in a sealed tube for 2 hours), as was clearly evident 


HO 
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from IR data upon the compound (43) and (45) (see below). 
OH OCOPh 
NHCOPh NH, “HCL 
43 45 
. (amide) = 1625 cm 2 | (ester) = 1725 cm + 
C=0 Vorg (ester) = cm 
peo 20nendy2? 7ocms De 00-2 450mcns | 
OH ‘NH, ce 
The cold reaction mixture was filtered, the residue being 
identified as benzoic acid. The filtrate was concentrated 


and cooled, and the aminoester hydrochloride (45) separated 
OULwasS themtarst Crop. 

Pnpanreelenipe cesimprove cher y1eldsoOr (i) —oas=2— 
aminocyclohexanol (34), hydrolysis of aminoester HCl (40) 
and the nitrobenzamide (41) under alkaline condition was 
investigated. Aqueous potassium hydroxide had no effect 
upon the nitrobenzamide derivative but 5% alcoholic potas- 
sium hydroxide proved very effective and gave high yield 


(above: 90%) Of the cis aminoal cohol for both substrates 


(40 and 41). 


Isomeric 2-Dimethylaminocyclohexyl Diphenylacetate Hydro- 


chlorides and Methiodides 


These title compounds have been made before, but 
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their physical data were not given (Friess et al., 
1958). The route used for making these compounds was 
analogous to that described previously for (+)-trans- 


and ‘Cis-2-dimethylaminocyclohexyl acetate methiodides 


(30 and 31). Reaction of diphenylacetic acid and thionyl 


chloride gave diphenylacetyl chloride (46) from which 


(t)-trans and cis-2-dimethylaminocyclohexyl diphenylacetate 


hydrochlorides (47 and 48) resulted after its treatment 


with the corresponding dimethylaminoalcohols (28 and 29). 
The hydrochlorides were made basic with ammonia and the 
free bases quaternized with methyl iodide to produce the 


corresponding methiodides (49 and 50). 


OCOCHPh, OCOCHPh., 
Sur _— 
NMe. + HC1 NMe 3 i 
47 (trans) 49 (trans) 
480 (cis) 50) (cis) 


Recrystallization of the methiodides (49 and 50) 
proved difficult; crystals did not separate readily from 
ethanol-ether and hydrolysis occurred if the solution was 


left in the refrigerator too long. This difficulty was 
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Overcome by using an ethanol-ethyl acetate-ether mixture 


as chystallization solvent. 


Isomeric 2-Dimethylaminocyclohexyl Benzilate Hydrochlorides 


and Methiodides 


The reported method (Adank and Stoll, 1959) for 
making (1) =trans— Vand cis-2-dimethylaminocyclohexyl 
benzivates (5lsend 152)mais the hydrolysis Of (e)-trans— 
and cis-2-dimethylaminocyclohexyl diphenylchloroacetates 


(53 and 54) in water, the latter being derived from 


OCOC (C1) Phy 2 Wleele (oi) isin, 
NMe 9 NMe> 

oer (trans) eh (trans) 

Ore KCBS) Sees) 


2-dimethylaminoalcohols (28 and 29) and diphenylchloro- 
acetyl chloride. 

Mhesesters (siand 52) presently obtained were 
prepared by transesterification of the dimethylaminoalco- 
hols (28 and 22) in the presence of sodium methoxide with 
methyl benzilate (Cannon, 1960), an ester which is commer- 


cially available. The yield was almost quantitative. 
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Treatment of the esters thus formed with ethanol saturated 


with hydrogen chloride or with methyl iodide gave the 


corresponding hydrochlorides (55 and 56) or methiodides 
(57 and 58) 
OCOC (OH) Ph» OCOC (OH) Phy 
' + 2 
NMe»°HCl NMea 1 
Done (tics) Doe = Kt pens) 
Oo = (Crs) 58 (cis) 


ii) (B) PMR EVIDENCE OF CONFIGURATION AND CONFORMATION 
OF ISOMERIC 2-AMINOCYCLOHEXANOLS AND THEIR 


DERIVATIVES 
Principles 


Stereochemical information about cyclohexane 


derivatives of the type (59a) and (59b) may be obtained 
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from the PMR characteristics of the methine proton. In 
the first case, the signal of the axial proton in (59a) 
is generally higher than that of the equatorial proton 
ine a9) as a result of long range shielding effects 
associated wth carbon-carbon single bonds that bear 
ay2,3 relationship to the™protoninagquestion (Jackman, 
1959; Apsimon et al., 1967)2 Secondly, the equatorial 
signal will show less extensive spin-spin coupling with 
vicinal neighbours than the axial signal as a result of 
the dihedral angle (¢) dependence of coupling constants 
(Karplus, 1959, 1960). In 59a, two axial-axial (¢ = 180°) 
and two axial-equatorial (¢ = 60°) couplings will operate, 
whereas in 596, two equatorial-axial (¢ = 60°) and two 
equatorial-equatorial (% = JOA In cyclohexane rings 
Ja usually falls in the range 8-14 Hz whereas a/e and 
e/e couplings have significantly smaller values in the 
range 0-6 Hz (Thomas, 1968). As a result the axial 
methine signal will be broader than the equatorial reso- 
nance and, if resolved, will display typical Jaq and 
a coupling constants. Methine’ signals often may not 
be analysed and in such cases features of value are the 
signal base width or width at half height (Wi) Long 
range couplings also contribute to signal width so abso- 
lute values may be deceptive. Comparative values of 
signal width between the methine signals of isomers may, 


however, be significant and allow their differentiation. 
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In the present series (60), two methine signals 


are involved and must be identified. This has been 


found usually possible on the basis of relative field 


Tw 
Z 


position (the resonance of the proton attached to the 
more electronegative atom, oxygen, should fall at lower 
field), and upon use of O- and N-acylation shifts 
(Culvenor sa 966 7; sBOOtieetnal, 1965). 

The use of the analogs (61), which show high con- 
formational preferences, was also planned to aid these 


studies. 


O 
t-Bu H 


The compounds discussed below are described, in 


general, in the order of their synthetic availability. 
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1. (+)-trans-2-Benzylaminocyclohexanol (38) 
H 
il 
OH 
| NHCH.5Ph 
H 
38a 


The synthetic route used to prepare (38) (diaxial 
ring Opening product of cyclohexene oxide with benzyl- 
amine) yshould{ result in a trans product, of preferred 
conformation (38a). Only one methine signal could be 


resolved in the spectrum of the base in CDCl, (Table l, 


3 
No. 1) but its low field position and broad nature 

Wa = 12.5 Hz) indicated that it arose from the axial 

C-1l methine proton. The benzylic methylene signal of 

(38) was a quarteticentered at 227 Hz (from IMS, record— 
ed on Varian A-60D), typical of methylene in an asymmetric 
environment (Horobin et al., 1966), while a singlet was 
observed in the spectrum of the corresponding cis isomer 
(see subsection 10). The lower field methine signal was 
fairly well resolved and first order analysis showed that 
most Of the coupling was due to two J. = 9.5 Hz and one 
Ue=edo) Hz litceractlons styplcallor ee and ie (Os dan) 


respectively. 
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2.  (+)-trans-2-Aminocyclohexanol (35) 


The spectrum of this compound in D0 and in cbcl, 
derived from (38) by catalytic debenzylation, was con- 


sistent with the trans diequatorial conformation (35a) 


(Table 1, No. 2). Both methine signals were downfield 
of the main ring proton band and well resolved. Their 
dimensions and first order analysis established their 


axial conformation. Its PMR spectrum in CDCl, displayed 


3 
a well resolved C-1l methine signal centered at 185 Hz 
(Wi = 13 Hz, base width = 35 Hz) and a broad C-2 methine 
Signal at 148 Hz (base width 34 Hz), the latter being 
obscured by the presence of a hydroxyl proton resonance. 
The shape and the location of the two methine signals 
were almost exactly reproduced in the spectrum of trans- 
2-amino-trans—4-t—butylcyclohexanol (74d) (synthesis of 
this compound see section iii of Chapter III); in this 
compound the C-1 proton resonance was centered at 182 Hz 
(We = 2008HZ7,obase wild th ™=—35 Hz) sand  "theeC-2 "pre ten 


resonance, also obscured by the hydroxyl proton peak, 
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centered at 147 Hz (base width = 35 Hz). These data 


further show that conformer (35a) is preferred. 


Hydrochloride 


The methine signals in the hydrochloride of (35) 


had a very similar appearance to those of the free base 


except both were shifted downfield (Table 1, No. 3). 


3.5 (2) —trans-2-Dimethy laminocyclohexanol” (28) 


NMe9 


In the spectra of this compound (solvents D,0 or 


CcCl,) the higher field methine proton was obscured by the 


NMe signal (a sharp singlet). The lower field C-1 
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methine resonance was well resolved, however, and had 
dimensions “typical of cantaxial proton (Table 1) No. 4)% 
a result supporting 28a as the preferred conformation. 
This signal had a similar shape in the spectrum of the 
hydrochloride salt in D0. In the same spectrum, the 
NMe, Signal formed two sharp singlets of equal intensity 
Separated: by] 7,,Hzi (Table 2, No, 1). This duplication 
was not due to HNMe coupling because the spectrum was 
recorded in D.0 (fast proton exchange) and showed the two 
N-methyl groups to be non-equivalent. This point is 
discussed further when the spectra of related) cis hydro- 


chlorides are considered. 


4, (+)-trans-2-Dimethylaminocyclohexyl Acetate Hydro- 


chloride (62) 


OCOMe 
NMe*HC1 


In this case (Table 1, No. 6) the spectrum showed 
the usual methine multiplets. The C-1l resonance was 74 
Hz downfield of the corresponding signal in the alcohol 


hydrochloride, the magnitude of the shift being typical 
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of the acylation of a secondary alcohol (Culvenor, 1966). 
in.contrast, the .C-2. shift (ca. 24 Hz). was much less. 
Again, the NMe groups were magnetically non-equivalent, 
and their signals were separated by 8.5 Hz (Table 2, 

NO. 2) oe» tbe NMe. doublet collapsed to one singlet when 


ammonia was added. 


5. (t)-trans-2-Dimethylaminocyclohexyl Acetate Methiodide (30) 


OCOMe 
aye < 
NMe3 I 


30a 


The C-l and C-2 methine signals of the spectrum of 


this methiodide in D.,O were both well resolved and typi- 


2 


Gal) on axial protons, (Table 1;, No. 7). ) The NMe 3 reson- 


ance was a sharp singlet. Again (30a) 1s a preferred 


conformation. 
6. (+) -2-p-Nitrophenyl-4 ,5-cis-cyclohexanodxazoline-2 (37) 
al 
O, 
eee 
Ph-NO5-p 
ae 
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Chemical evidence for the geometry of the Cis 
oxazoline (37) obtained from (+) -trans-2-p-nitrobenamido- 
cyclohexanol (36) has been described in the previous 
text. The PMR spectrum of the oxazoline (37) (Table 1, 


No. 8) showed two l-proton multiplets in DMSO-d On 


6° 
the basis of Weinberger and Greenhalghs' (1963) assign- 
ment that the chemical shift of 5-methylene group in 
monocyclic oxazolines is lower than that of 4-methylene, 
the multiplet at lower field (center at 287 Hz) was 
assigned to the C-5 proton and that at higher field 
(center at 253 Hz) to the C-4 proton. Both signals 

were broad and the lower field signal was a well resolv- 
ed sextet (J ="8°5, 5 and 5 Hz). Interpretation-of 
coupling constant data in terms of conformation is diffi- 
cult because oxazoline formation distorts the cyclohexane 
ring. Long range coupling between the C-4 proton and 
aromatic protons may be responsible, in part, for the 
broad nature of the resonance signal of the C-4 proton, 
since long range coupling across a conjugated system is 

a well-known fact; the operation of long range coupling 
between the protons at C-4 and methyl protons attached 


to C-2 has already been proposed for related oxazolines 


(Weinberger and Greenhalgh, 1963). 
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7. (+)-cis-2-p-Nitrobenzamidocyclohexanol (41) and its 


trans isomer (36) 


OH OH 


NHCO>PheNOo-p “Ss NHCO-Ph-NO-p 


The cis amide (41) (Tables iIyeNo. 9)* (derived from 
the oxazoline 37) had a PMR spectrum in DMSO-d _ which 
showed coincident methine signals; N-acylation causes 
the C-2 methine proton to move downfield (Booth eteala, 
1G). sin the trans isomer rane 1). Now= 10) a the two 
methine signals also overlapped but less extensively and 
the overall signal width was greater than that seen for 
Lhe cls mMechane protons, anyaccord with their contigura— 
tional difference. 

Booth et al. (1965) reported that the sharpness of the 
ring proton signals) in’ cis—Z-alkyicycilohexylamines: is 
quite marked and can be used to distinguish such molecules 
from their trans isomers; in these isomers ring proton 
signals are generally broad. A sharp ring proton signal 
was shown in the PMR spectrum of the cis isomer (41), 
while the ring protons of the trans compound (36) had a 


very broad resonance. The configuration of (41) asa 


eis isomer is, therefore, further confirmed. As:regards 
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the cis =oxazoline (37), -1ts ring proton resonance was 


moderately sharp, not so sharp as that of the cis 


isomer (41), when compared with that of the trans isomer 


(36). 


8. (+)-cis-2-Aminocyclohexanol (34) 


OH 


NH 


The spectrum of the cis aminoalcohol (34) (Table l, 


No. 11) obtained from the cis amide (41) in D0 showed 
two well separated l-proton bands centered near 226 and 
166 Hz respectively and assigned to the C-1 and C-2 
methine protons. These were both lower field than the 
corresponding signals of ‘the trans isomer (35) (Table I, 
No. 2) and their narrower, but similar, dimensions indi- 
cates that similar populations of the two forms (34a) 

and) (34) exist an D0 solution (see Figure 2a). The 
axial OH component (34a)narrows the C-1l methine proton 
signal relative to its width in the trans isomer, the 


C-2 signal being narrowed as a result of the axial-NH,, 


Papwlatlonr. In the spectrum of the hydrochloride (63) 
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methine proton signals i 
of (£)-cis-2-aminocyclohexanol 
hydrochloride (b) in D90. 
Varian A-60D. 
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(rabie. 1; No... 12)5.*the C=-1l multiplet was distinctly: the 


narrower of the two (Figure 2b) and this result shows that 


OH 


NH, -HC1 


the equatorial amino conformer (63a) preponderates when 
its size is increased by protonation (and consequent 
increasedsolvation). In the salt both methine signals 


moved downfield as a result of the more electronegative 


influence of protonated, compared with free, nitrogen. 


Je (2) -C1s-2—Dimethy laminocyciohexanol (29) 


In the spectrum of the tertiary aminoalcohol (29) (Table 
oe Oveme 13.) 8 Th D,0, only the C-1l methine proton could be 


resolved. Its dimensions indicate a preferred 
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equatorial NMe, conformation. The NMe, Signal in the 
spectrum of the hydrochloride of (29), was composed of 
two Singlets, as in the spectrum of the corresponding 


trans hydrochloride but the separation was much less 


Viaeoan as fOr CLS, 7elzerorn trans) (Tables eNO ems). 


10. (+)-cis-2-Dimethylaminocyclohexyl Acetate Hydro- 


chloride (64) 


The spectrum of this salt in D,0 showed a narrow 
C-l band (low field because of the acylation shift) and 


a broad C-2 band, in support of the preferred conforma- 


tion (o4a) (Table 1, No. 5). sine NMe, Signal (two 
OcoMe 
ami ie 
64a 


Singlets of separation 3 Hz) (Table 2, No. 4) was about 
the same as that of the corresponding amino alcohol salt; 
in the hydrochloride of the trans ester (62) the NMe 
singlet separation was 8.5 Hz. 

The two NMe groups differ in their environments 
in both isomeric hydrochlorides (65), but the extent of 


non-equivalence is greater in the trans isomers. This 
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fact provides an additional means of configurational 


differentiation. Probable conformations for trans 


(65a) and cis (65b) salts are shown below. In the 
H 
H 
Me Me! 
Me Me' 
SS 7 OR 
Ce Cc Se BA 
ic) Cy 
H | 
H 
OR 
65a 65b 


trans conformer, magnetic non-equivalence of the NMe 
groups must be due chiefly to the RO group which is 
much) closer to Me’ than tomMe. <Inethe cis conformer, 
Me' is further removed from OR and hence the environ- 
mental difference between Me and Me' should be less in 
this isomer. 

in the spectrum of (1)—cis-=2—-benzylaminocyclo- 


hexanol (66) (Table 1, No. 16), the benzylic methylene 
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Signal was a singlet, in contrast to the quartet seen 
in the spectrum of the corresponding trans compound 
(38). This may also be attributed to its relatively 
symmetrically magnetic environment in the former and 


asymmetry in the latter, as discussed above. 


ll. (+4)-cis-2-Dimethylaminocyclohexyl Acetate Methiodide 


(31) 


The spectrum of the cis isomer (31) (Table l, 


IN@ eles.) n) DO showed a narrow C-l methine band and a 


broad C-2 band which clearly establishes (3la) as the 


preferred conformation of the salt in D.0. 
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12. (+)-trans-2-Dimethylaminocyclohexyl Diphenylacetate 


(67) and Its Derivatives 


OCOCHPh,4 


NMe, 


Both C-—l) and) C2) protons or the free base (67), 
zes@hydrochioride (47) and methiodide (49) (Table 1, No. 
20, 21 and 22) had a broad and resolvable Signal, indi- 
cating that the preferred conformations of these com- 


pounds are those (68) in which the two methine protons 


are in the axial position. 


OCOCHPh, + : 
R = NMey, NMey°HCl, NMe3 I 


Non-equivalence of the NMe, resonance signal was 
not observed in the free base but was clearly apparent 


in the spectrum of the hydrochloride (Table 2, No. wh 
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13. (4)-cis-2-Dimethylaminocyclohexyl Diphenylacetate 


(69) and Its Derivatives 


OCOCHPh., 


N 
Me, 


69 


In the spectra of the free base (69), its hydro- 


chloride (48) and methiodide (50) (Table 1, No. 23, 24 


and 25), a narrow one-proton signal near 330 Hz and a 
higher field one-proton broad signal near 200 Hz were 
present. This shows that the conformer (70) is the 


preferred conformation of these compounds. 
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Non-equivalence of the NMe, resonance was shown 
in the hydrochloride salt (Table 2, No. 6), as anticipa- 
ted from the previous discussion (the two non-equivalent 


NMe doublets collapsed to one sharp Singlet when the 
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solvent was changed from CDCl, to D,0) « Separation of 
the NMe doublets (A=15 Hz) of this hydrochloride was 
greater than that of the corresponding trans Lsomer® (47) 
(A=9 Hz). The order of difference is thus the reverse 

of that seen in hydrochlorides of the cis and trans 
alcohol and acetate analogs (Table 2, No. 1, 2, 3 and 4). 
The small Fags 16) shift of the NMe signals in the 
alcohol and acetate analogs as compared with that of 
dimethylaminocyclohexane hydrochloride (Table 2, No. 9) 
suggests that the hydroxy and acyloxy oxygen atoms have 
a small deshielding influence upon the NMe protons of 
these compounds. Both NMe groups will suffer this influ- 
ence but the deshielding difference between the two will 
be greater an the trans) case ras: already discussed. 

In the diphenylacetates (47 and 48), however, the 
aromatic groups have a more significant shielding effect 
than the acyloxy oxygen atom; this must be a screening 
effect since the NMe signals of the aromatic esters are 
markedly upfield (about 20 Hz in CDC1.) of NMe in dimethyl- 
aminocyclohexane hydrochloride. This argument can be 
used to explain the observed reversed non-equivalent NMe 
separation in the diphenylacetate series. In the trans 
isomer (47) models reveal that the aromatic rings of the 
acyl moiety may be directly beneath both NMe groups with- 
out generating serious non-bonded interactions with the 


cyclohexane ring protons and it is probable that each 
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will receive similar shielding contributions. In the 
cis isomer (48), however, the axial orientation of the 
ester group will result in the bulky aromatic feature 
being deflected away from the cyclohexane ring; in con- 
sequence, the farther removed NMe group (cf Me in 65b) 
will be less subject to aromatic screening than the 
closer group (cf Me’ in 65b), leading to a more pronounced 
chemical shift difference between the NMe groups in the 


cis. isomer. 


14. (+) -trans-2-Dimethylaminocyclohexyl Benzilate (51) 


and Its Derivatives 


Again, based upon the PMR data, the preferred con- 


formation (71) was assigned Co the free base (51), 1ts 


OCOC (OH) Ph, . 
Les s R = NMey, NMez°HCl, NMe3 I7 


hydrochloride (55) and its methiodide (57) (Table 1, No. 


26, 27, and 28). iIn-the spectrum of the hydrochloride 


Ln DMSO-d¢ the NMe., signal coula not be clearly resolved 


because it overlapped the solvent signal (Table 2, No. (Os 
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15.) (t)-cis-2-Dimethylaminocyclohexyl Benzilate (52) 


andi Its: Derivatives 


The resonance signals of the C-1l and C-2 protons, 
a narrow signal at lower field and a broad signal at 
higher (field, were the same as thosexseen inetheccis 
diphenylacetate series) and the conformation (72) of this 


SerLles "(52,4 56, 58) “Taple 1,.NO. 295. 50, SL) ve thus 


OCOC (OH) Ph, 


+ 
SS = NMe., NMe.-HCl, NMe., I 


eS 2! 2 3 
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favored. The NMe. signal in the spectrum of the hydro- 


Z 


chloride (56) was a broad singlet but was obscured by 


the solvent signal (Table 2, No. 8). 
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iii) SYNTHESIS OF 4-t-BUTYL-2-AMINOCYCLOHEXANOLS AND 


THEIR DERIVATIVES 


4—t-Buty]-2-dimethylaminocyclohexyl acetate 
methiodide (73) has four stereoisomers (73a, 73b, 73c, 


and 73d) as shown below (chair forms are drawn on the 


assumption that their conformations have not been deformed) : 


ocieine OCOMe 
| 
t-B 2 +: a 
= eek NMe, I 
+ = 
NMe3 I 
73a 13b 
OCOMe OCOMe 
t-B tee 2 ane time , ity 
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The reaction pathway for preparing these stereo- 
isomers (73a, 73b, 73c and 74c) may be via the free 
aminoalcohols (74) or the dimethylaminoalcohols (75) 


which can be obtained from stereospecific reactions. 


“on 
pritepion Eat Aone frre of 
— y: NH> NMe 2 


Sicher et jal. (L96l) have given. the detarled procedure 


for the synthesis of the free aminoalcohols (74a, 74b, 


74c and 74d). A brief review of the Czech workers' 
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74a 4b 
OH OH 
t-Bu 
= ne NH 
2 
NH. 


hg 
(é0) siososéonunetytoamt® + eds £0 ao; 


be a 


SiubSoo1q bslisteb sat saavip even (Laer) ts Ys re <a 
j . 


AbX , BET) afodooisonims esti elt io ateedinye en oe ot 


oe jain 
'giesiow dossd sit To weitvet teixd A “eet -: oa 
_~_es ae 


synthesis of these isomers is given in the following text. 
trans-2-Amino-cis-—4-butylcyclohexanol (or No", 
74a) was prepared as follows: treatment of a mixture of 
cis and trans-4-t-butylcyclohexanol (76) with methane- 
sulfonyl chloride; reflux of the resultant methanesulfonate 
(ii jeinecollidine: tocgive d=t-butyleyclohexene (78); 
epoxidation of the cyclohexene; ammonolysis of a mixture 
Of the trans and (cis 4-t-butydcy clohexene oxide (79) thus 
formed to produce a mixture of (74a) and its: positional 
isomer (80); and separation of the positional isomers by 
way of N-tosyl derivatives (8la and 8l1b) and detosylation 
of (Slajayielding pure (/4a). ~The configuration of (74a) 
was asSigned on the basis of the rule of diaxial opening 
om epoxides (Barton and Cookson, 1956; Parker and Isaacs, 
1959). Confirmation of the positional isomer as (74a) 
was made by pyrolysis of the corresponding quaternary 
trimethylammonium base (82) to give the cis epoxide (79b) 
(Sicher and  Pankova, 1955; Svoboda and Sicher, 1958) 
and by reducing the epoxide thus formed with lithium 
aluminum hydride to the 4-hydroxy isomer (76) (cis is 
the major product), .a process known to proceed sstereo- 


Specitically bywaxtal attack (FlUmstvand Prattiner, 1949; 


Rickborn and Quartucci, 1964). 
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OH 0 
A 
TL -bu > t-Bu 
+ = 
NMe 3 iL (ie) 
82 LAH 
OH 
ry ey 
76 
trans-2-Amino-trans—4-t-butylcyclohexanol (“O, 
No", 74d) was obtained by Curtius degradation of the 


corresponding isomer of cis-t-butyl-trans-2-hydroxycyclo- 
hexanecarboxylic acid hydrazide (83): treatment of the 
hydrazide with nitrous acid, decomposition of the azide 
formed to give the cyclic urethane (84), and the basic 
hydrolysis of the urethane. 
ersas-t-Butyl—trans+2-hydroxycyclohexanecarboxylic 
acid (85) wasiderived frompreductroncofe5sstsbutyleycio-— 
hexan-2-onecarboxylic acid (87) with sodium amalgam 
and equilibration of the thus formed hydroxyacid mixture (85 
and 88) with sodium methoxide. The acid (85) was esteri- 


fied with diazomethane, and the esterified product (89) 
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cyclohexan=2-onecarboxylic acid (87) was prepared by 

carboxylation of 4-t-butylcyclohexanone (86), triphenyl- 

methyl potassium being used as the condensing agent. 

The assignment of configuration to these acids will be 

discussed later. 
trans=5-t-Butyl=2-cis-hydroxycyclohexanecarboxylic 

acid (88) isolated in’ the previous route was converted 

by Curtius procedure, into the corresponding aminoalcohol 


aaN 


(74c), cis-2-amino-trans—4-t—butylcyclohexanol ("O° ,N 
which was also identical with that which resulted from 
(74a) ("o? we") via the oxazoline inversion procedure 


(described in the simple cyclohexane series) . 
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Cis=2-Aminoseis=4ac—butyicyciohexanel ("07,,No" 
74b) was obtained from (74d) by the oxazoline inversion 
procedure and also by Curtius degradation of the corres- 
ponding hydroxy~acid (91) which was made by hydrogenation 
OLemecthy bip=t—butylsalicylates (90) sone platinumcoxide 


(scheme for this synthesis shown below). 
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The assignment of configuration to the three 
hydroxy-acids (85, 88 and 91) were made on the basis 
of the relative stabilities of their esters towards 
epimerization and measurement of the rate of chromic 
agad Oxidatronsofethegacids. Siheeésterssot* (85) ,and 
(91) which did not isomerize when refluxed: with sodium 
methoxide were assigned an equatorial carboxyl group, 
while theves ter toi (88) which did isomerizeehas” the car- 
boxyl group in the axial position, since the equatorial 
substitution is generally more stable than the axial 
One VElielweteal, 1965)%, The rates of chromic acid 
oxidation will provide information regarding the con- 
figuration of the hydroxyl group, an equatorial hydroxyl 


group being known to be oxidized slower than an axial 
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One (Schreiber and Eschenmoser, 1955). 

In the present work, stereospecific syntheses 
of the 2-amino-4-t-butylcyclohexanol isomers and their 
derivatives followed some parts of work done by Sicher 
et al. (1961) with modifications and also traced some 
routes used in the synthesis of the isomeric 3-amino-2- 


decalols (92) (Smissman Cb ale, 1966). 
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trans-2-Amino-cis-—4-t-butylcyclohexanol Co Oe Nasty 74a) 


and Its Derivatives 


ThesroutLes designed “by Sicher etal a(1961) efor 
making (74a) was modified in respect of the epoxidation 
on 4-t-butylcyclohexene (78) cand the ammonolysrs,of 4-t- 
butylcyclohexene oxide (79). The 4-t-butylcyclohexanol 
(76) used inthis work was a commercial sample from 
Aldrich composed of 67% of the trans isomer and 28% of 
the cis isomer. 


In view of the greater simplicity of acid-catalyzed 


elimination of secondary alcohols compared with Sicher's 
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two-step procedure, 4-t-butylcyclohexanol (76) was heated 
with 85% orthophosphoric acid and the reaction driven to 
completion by distilling the water formed during the 
dehydration process. The PMR spectrum of the resultant 


olefin (93) in CCl, showed two vinylic signals, 336 Hz 


4 
(broad doublet) and 324 Hz (broad signal), and two c-butyd 
Singlets, 52 Hz and 61.Hz, the intensities of which varied 
from bacch to batch. The higher field t-butyl and; lower 
field vinylic signals were coincident with those of the 
4—-t-butylcyclohexene (78) obtained from the corresponding 
methanesulfonic acid ester (77). Since isomerization of 
olefins is probable under acid conditions, the olefin 

(oo) chus | f£Ormed mmay. CONSISt Olean Mixtures Ore 257 3-7) and 


4=t—butylcyclohexenes. (93a, 93b and 7/8) and the: latter 


twOsmlgh te bes responsible ron the t-Bu singlebeate 52) Hz: 


ZA 
Ske leit) Bu 
93a 93b 


The probability of isomerization was confirmed by PMR 
studies of the products isolated after different periods 
of heating. The longer the heating, the more intense 
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change in intensities of the two vinylic signals was not so 
pronounced as that of the t-butyl resonance). The reason 
that only two t-butyl singlets were preserit for three 
isomers is probably because of little difference in the 
magnetic environments of t-butyl groups in the 3- and 

4-ene isomers (93b and 78). The alkenes (93) derived 

from the alcohol (76) after acid treatment gave an 

epoxide product (94) which contained at least three 

asomers. as seen by the three separate t-butyl signals 


in its MRI Spectrumians CGlerH5050 53) and+5saHz,) thateat 


4 
highest field being major; no vinylic signals). The 
relative intensities of these three signals were also 
variable from batch to batch. The pure positional isomer 
mixture) of cissandy trans 4>t=buryicyclohexer oxides79) ; 
prepared by following Sicher's method, displayed only 
ones t-butyl: sagned_ at) 50i Hz (CCl,)- Thetlower iets t= 
butyl signals in the epoxide mixture obtained from the 
t-butylcyclohexene isomeric mixture are probably due to 
the presence of positional isomers of the epoxide (79). 
The preparation of perbenzoic acid by peroxida- 
tion of benzoic acid with 50% hydrogen peroxide in the 
presence of methanesulfonic acid gave a low yield (35%) 
not anticipated from the literature (85-95% yield) 
(Silbert et al., 1963). Rickborn and Quartucci (1964) 


made the epoxide (79) by using commercial m-chloroperben= 


zoic acid. m-Chloroperbenzoic acid was not commercially 
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available at the time of these experiments, so this 
pathway could not be investigated. During the prepara- 
tion of this epoxide (79), a report, that epoxides could 

be synthesized by reacting olefins with 40% peracetic 

acid (commercially available) in the presence of anhydrous 
sodium carbonate (Crandall and Lin, 1968) was noticed. 
This method was employed to make the epoxides (79 and 

94) and it was found that the yield was very good (above 
80%). 

Simtlam to che preparation Of §(4)>trans-2[amino= 
cyclohexanol (35), the aminoalcohols (74a and 80) were 
obtained by catalytic debenzylation of the corresponding 
benzylaminoalcohols (95a and 95b), the hydrochlorides 
(96a and 96b) being used to separate positional isomers 
(discussed in the next paragraph). Sicher's method 
(1961), namely N-tosylation and N-detosylation of the 
primary aminoalcohols, also gave the pure isomer (74a). 
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Ring opening of the pure positional epoxide (79) 
with benzylamine, assumed to proceed according to the 
known diaxial rule (Barton and Cookson, 1956; Parker 
and Isaacs, 1959), gave the corresponding benzylamino- 
alcohols (95a and 95b) in 70% yield. The PMR spectrum 
of the crude mixture of the benzylaminoalcohol hydro- 


chlorides (96a and 96b) in CDCl, displayed two t-butyl 


=) 
singlets (50 Hz and 52.5 Hz) of similar intensities, the 

two singlets coinciding in water. Fractional crystalli- 

zation of the two isomer salts (96a and 96b) gave one of 

the asomers in a pure conditien. The #so0mer’ (96a) which 
separated first formed hexagonal shaped crystals which 

were large enough to allow their physical separation from 

the other isomer (96D) (this crystallized sin prasms) 

when the former was contaminated with the latter 

(STEUCtunea b pLroot is grven later). (ner r-bury lmeresonance 

sagnal of (968) “appeared at 50 -Hz., (in the PMR spectra 

of the total mixture of the free aminoalcohols (74a and 80), 
derived from the debenzylation of a mixture of (95a) and (95b), in 
CDCl, Or in DMSO-d_, 


groups was seen. This coincidence of t-butyl singlet 
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was also seen in the spectra of the mixture of the benzyl- 
aminoalcohols, (95a) and (95b), run aime! CDCl., CCl, On 
DMSO-d, . The t-butyl signals inthe spectrum of the 
N-tosylated primary aminoalcohol mixture (74a and 80) 


were well separated and could also be used for differen- 


tiation purposes (that at 43 Hz was attributed to sla 
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Reaction of the epoxide mixture (94) derived 
from the isomerized olerin | mixture (93) with benzyl- 
amine afforded a 60% yield of the ring-opened product, 
derivatives of which (hydrochlorides and N-tosylates 
of the debenzylated product) had the same PMR spectra 
as, those prepared from the pure 4-t-buty cyclohexene 
(78). When the reaction mixture was subject to distil- 
lation, the first fraction (b.p. 81-86°/16 mm) was 
identified as a mixture of the starting materials from 


its PMR spectrum in €DC1l. in which two strong separate 


5 


tebucyl singlets (55 end 5/ (iz) appeared. in=this spec— 
trum, tCobutyl signals at 55 and) 57 Ha femained wile 

the signal atl 50 Hz, due to thesepoxide «@/9) was absent; 
this cesult andicates, that tne epoxide swsomers- (944 “and 


94b) undergo the ring opening reaction less readily. 
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The second fraction (b.p. 140-14970.1 mm) was composed 
of the required epoxide (79) ring opened product. 


Assignment of structure to (74a) synthesized by 
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Sicher's procedure was achieved by comparing the melt- 
ing points of derivatives of the debenzylated product 
with literature data upon the authentic materials shown 
below (sicher et al.,, 1961; Tichy etal ., 1962. sicher 


et al., 1964): 


OH R 
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R OH 
Di 98 
R ie POL (97) m.p. Of (98) 
—_ Found Reported Reported 
NH, 109=109- 108,5-109.5- 98.5-99- 
NHHC1 0864208 1285-240" MISE 
NHTs one 199-193- 178-1785" 


The structure of the benzylaminoalcohol hydrochloride 
(96a) was confirmed by the mixed melting points of its 
debenzylated product and derivatives with those obtained 
from Sicher's pathway. 

Isolation of the pure positional isomer (74a) 
was achieved more conveniently via crystallization of 
the N-tosyl derivatives than by use of the N-benzyl 
hydueochlorides. 

The aminoalcohol (74a) was dimethylated in the 


presence of HCHO and HCO 5H and the N,N-dimethylated 
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product (75a) in crude form reacted with acetyl chloride 


to give the ester hydrochloride (99). 
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The key material used to make cis-2-amino-cis-4- 
t-butylcyclohexanol (74b) or its N,N-dimethyl derivative 
(75b) was trans-2-bromo-4-t-butylcyclohexanone (100). 
In a literature survey on the synthesis of the trans 
bromo compound (100) and related compounds it was no- 


ticedathat a.L00% yield was,-elairmed )for-asprocedure 


employed by Smissman and his co-workers (1966) for 
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making pure 3(a)-bromo-trans-2-decalone (101); these 


workers brominated 2-decalone with pyridinium hydro- 
bromide perbromate. This process seemed more promising 
and less elaborate than that used By Allinger and 
Alvinger (1958), to; brominave 4-t-buty lcyclohexanone; 

in the latter case, the bromination (by bromine) led 
EOVaycis and, trans) mixture (1l02eand 100); and the isola— 
tion of the trans isomer (100) was by way of a tedious 
chromatographic technique after fractional distillation 
of the cis isomer (102). Accordingly, the trans isomer 
(100) was prepared by bromination of 4-t-butylcyclohexa- 


none with pyridinium hydrobromide perbromate. Both 


-orbyd muinibiLiyg dtiw erolsogbh-$ bstsnimoid @ roxt10% 
piieimo1rg siom bemese 2es50tg aLdt Jadanoudaea ¢ pana 
bas zrepnilia ya boev tadt ass sasuedele 4 aden: 

csr gepAe Payouts -h sryenimotrd. ot aterm eist! LIL 
bel (snimoid yay. noltsatmozd ons +9859 ° . 
~sfoat edt bas (00L Has’ SOL) svn sae 
, ayoibos 6B 20 yaw yd asw PEE ‘yemoet em 5% evi . 
SekSeS EN SPS rd 5: ae oupininas ot wes ae ot: — 
sok (89 xomoak ais 


| 7 a. oe sg * ie q yy! - 78 o's a 
rt tod .stsmoidieq sbinos doxbyA muini bry 
- 5 Fite iyi a _ ae 
. - - 7 
| ae ea } 


wt Ae 


° Hexsdtol 


isomers were present in the total bromination product 
(total crude yield near 100%) as was evident from PMR 
data (see below). This result was different from the 
bromination of the decalone where only the trans isomer 
(101) was isolated (Smissman ew alt, 1966) = thestoral 
distilled brominated product (yield, 80%) in ccl, showed 
two methine multiplets (centered at 255 and 272 Hz), 
that at higher field being assigned to the a-equatorial 
proton (Wi = 16, ¢- Sal Zi -Of ethe trans isomer (100) and that 


at lower field to the a-axial proton (W, = 18 Hz) of the 


H 
ous, Esomens(102) by comparison pwith «reported data 
(Garbisch, 1964) and the isolated isomers in this work. 
The total distillate completely solidified when cooled 
ipeenermme puigenatOrs. §iThis; solid -parntially  liquiived at 
room temperature and collection of the residual solid 
bythlltcatwvon sand sts crystallization from epn=hexanengave 
26% overall yield of the pure cis bromo isomer (102) 


which had a m.p., Varo frequency and PMR methine 
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proton characteristics (discussed in the experimental) 
in. agreement with literature data (Allinger and 
Allinger, 1958; Garbisch, 1964). The solidification 
and room temperature melting procedure was repeated 
several times, thus providing 52% overall yield the 
almost pure trans isomer (LOO) (eraces of Cheecis: 
isomer still remained, as shown by PMR spectrum) as the 
iiguia fraction. The Vaso absorption of the trans 
isomer was at a lower wave number than that of the 
cis compound and consistent with the literature value 
(Allinger and Allinger, 1958). The so obtained trans 
isomer (100), without further purification, was used 
for the subsequent reactions. 

An ethanol solution of the trans isomer (100) 
and benzylamine (ratio, 1:2) was heated under reflux in 
a nitrogen atmosphere; anhydrous ether was then added 
to the cooled reaction mixture to precipitate the 
hydrobromide salt of benzylamine. The mother liquid 
was treated with HCl-ethanol and then with anhydrous 
ether. The hydrochloride of the unreacted benzylamine 
separated first; this was separated and the residue 
from the filtrate. refluxed with ethanol-HC) for 30 
Minutes, thus giving a hydrochloride in. poorm yield 
(5%) identified as (103). Its configuration was assign- 
6d as Cis on the assumption that the reaction is of the 
Sy type (Smissman et al., 1966); this assigned con- 


figuration was also confirmed by its PMR spectrum in 
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ZO 
£ou NHCH,Ph-HC1 
103 
CDCl, where a broad signal (Wis = 20 Hz) centered at 


218 Hz typical of axial-H was seen. Owing to the poor 
yield, the difficulty in getting a crystalline product 
and its instability, this route was abandoned, and the 
direct substitution of the bromine atom of (100) with 
dimethylamine under atmospheric pressure was investi- 
gated. The latter reaction in the presence of dry 
alcoholegave the desired product, isolated in the form Of 
the hydrochloridessalt (104), in good yield (70%); no 


reaction occurred when no solvent was used. 
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NMe, -HC1 


The configurational assignment to (104) was also 


based on PMR data, the spectrum of (104) in D,0 displaying 
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a. broad signal (W., = 26 Hz) centered at 254 Hz due to 
the a-methine proton. 

Reduction of the ketone hydrochloride (104) in 
ethanol with hydrogen at atmospheric pressure and room 
temperature uSing platinum oxide as catalyst could not 
be brought to completion. The reduction mixture, after 
seven days treatment, was filtered. The residue from the 


filtrate showed a v._, band of medium intensity corresponding 


C=0 
with the starting ketone. Crystallization of this resi- 
due removed the ketone impurity (IR data) and the product 


appeared to be a mixture of the cis and trans aminoalcohols 


(toda and) 105b) from its spectroscopic characteristics. 
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NMe,. *HC1 
1038 105b 


Its PMR spectrum showed two t-butyl singlets, one at 
S4ihze(major one) and, the jother at .50 Hz. (mines) -ingthe 
Gatto Of sabout,c: ls slime «did snot. permit (further .puni- 
fication and characterization of these dimethylamino- 
alcohols. ««Smassman et vali. ~ (1966) reported that 3(e)- 
dimethyl-trans-decal-2-one hvdroch leride ns l06 jeundernetie 


same conditions gave a single cis alcohol (107). 
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cis-2-Amino-trans-4-t-butylcyclohexanol ("o® Non 74c) and 


Lts=Derivatives 


The reaction sequence used to synthesize 3(a)- 


amino-trans-2(e)-decalol (108) (Smissman etval., 1966) was 


OH 
ee 


tOlLlowed to make ‘cus-=2-amino-trans—4—t-=buty lcyclohexanel 
(/4¢c). . Addition of the Todoisocyanate anion to 4—-t—butyl— 
cyclohexene (78) and the subsequent methanolysis of the 
iodoisocyanates (109a and 109b) thus formed afforded a 
Mixture Of Posi tionalsisomers, (10a) and) ((110b) (the 
reaction scheme shown below), the PMR spectrum (CDC1 3) of 


which displayed two singlets (54 Hz and 64 Hz) of equal 
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intensities due to the t-butyl groups of the two isomers 
(no vinylic signal was seen). Addition of this pseudo- 
halogen has been demonstrated to occur in a diaxial man- 
ner \(Hassner. and Heathcock, 1964). The product (110a) 
which crystallized first from methanol had a t-butyl 
Singlet at 54 Hz, and was subjected to pyrolysis to yield 
the corresponding cyclic urethane (lll). Alkaline hydroly- 


Sis of the urethane provided the amino alcohol (74c). The 
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structure of the product (74c) was identified by observ- 
angemixeds melting pointsawath) authentic cis-2-amino— 
trans-4-t-butylcyclohexanol (no depression) and cis-2- 
amino-cis-5-t-butylcyclohexanol (112) (depression, 85-86°) 
(these samples were kindly given by Dr. J. Sicher) and 

by comparing the melting points of this isomer (74c) and 
its hydrochloride with literature data (Sicher et al., 1961; 


Tichy et al., 1962; Sicher et al., 1964) as illustrated 


below: 
ME 
OH 
t-Bu = 
= : =7P8 OH 
NH, 
74c a 
Mop. Of (74¢) Mm, Ds wor, 6 Gli2)) 
Reported Found Reported 
free base ih Sane elo tae V1 065-1005 
HC1 DAO=950° 24 2-244— 226-2287 H,0) 


The aminoalcohol (74c) was converted by the Leukart 


reaction (HCHO-HCO 5H) into the N,N-dimethylated compound 


(75c) which was acetylated with acetyl chloride to give 


the ester hydrochloride (113). 
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trans-2-Amino-trans-—4-t-butylcyclohexanol (O=7N a, 74d) 


Carboxylation of 4-t-butylcyclohexanone in the 
presence of triphenylmethyl potassium to produce the cor- 
Peeponding ketone acid (87) wac) attempted by sscicher etal: 
procedure (1961), but the starting material was recovered. 
This failure prompted the use of the alternative synthetic 
pathway, namely, carbethoxylation (Krapcho et al., 91967). 
Reaction of 4-t-butylcyclohexanone with diethylcarbonate 
in the presence of sodium hydride gave an isomeric mixture 


of the corresponding keto esters (114) in 71% yield. The 
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keto esters thus formed were reduced with sodium boro- 
hydride to the hydroxy esters (115) which equilibrated 

to trans-2-hydroxy-cis-5-t-butylcyclohexanecarboxylic 
acid (85) in the presence of sodium methoxide. This acid 


was a solid with a m.p. corresponding with the reported 


| OH 
t-Bu COOEt 


ies: 
value. It was subjected to the sequence (as illustrated 
below) fol lowing "the procedure of Sicher et al “(1961)~ 


Each step proceeded well and physical data consistent 
with literature values were obtained. Time did not 
allow conversion of the aminoalcohol (74d) to the Ach 


analogr.7 3d). 


Note 


Although none of the eee t-butylcyclohexane 
Ach analogs could be obtained in the time available, 
the synthetic route for each isomer has been established. 
Tt is anticipated that the completion of this project 


may now be accomplished without difficulty. 
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iv) MORPHOLINE DERIVATIVES 
This series was prepared for two reasons. 


1) The provision of model PMR spectra typical 
of NCCO gauche system. In the morpholine ring the nitro- 
gen and oxygen atoms are, of necessity, confined in a 


gauche relationship | (116). 


ibihisy 
2) For pharmacological evaluation. The presence 
or absence of muscarinic properties in these model com- 
pounds would provide valuable information upon the 
"active" Ach conformation. Some morpholine derivatives 
have already been examined as muscarinic agents and 


several were significantly active (Waser, 1961). 


Synthesis 

N-Methylation of morpholine with formaldehyde-formic 
acid and the subsequent quaternization of the thus formed 
N-methylated compound, N-methylmorpholine, with methyl 
iodide and benzyl bromide afforded N,N-dimethylmorpholi- 
nium iodide (GR, and N-benzyl1-N-methylmorpholinium 


bromide (118) respectively. 
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Commercial 2,6-dimethylmorpholine (119), composed of a 


mixture of the cis and trans isomers (119a and 119b) with a 


ratio of ca. 3:1 respectively (from PMR integral data), was 
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N-methylated and then reacted with hydrochloric acid, the 
cis Nydrochloride (20a) being obtained by fractional 
crystallization from ethanol-ether in 85% yield (its 
structural assignment follows later). Attempts to 
isolate the pure trans isomer (120b) by fractional 
crystallization were not successful, but a mixture 


richer in the trans isomer was obtained. 
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The pure cis N-methylated base (121), obtained 
by treating the cis hydrochloride with sodium hydroxide, 


was quaternized with methyl iodide and benzyl chloride 
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to yield the corresponding methiodide (122) and benzyl salt 


(123), the latter having two isomeric forms a (123a) 
and g (123b) (the configurational assignment is discussed 
PhCH baa A Me seg & 
2 i : pose AD —~1_ Me 
| H | Hl 
Me H PhCH? H 
1234 P28b 

later). The two benzyl isomers were separated from an 


alcohol-ether mixture by fractional crystallization and 
the yield of the pure @- and @-1somers isolated: were 25% 


and 8% respectively. 
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The configurational assignment of the cis hydro- 
chloride (120a) is based on the following argument. The 
preferred conformations of the cis and trans isomers are 


(120a") and (1206") respectively: In (120a")/the 2=- and 


Me Me 
pil ae Mew) | H 
H i | Me 
120a' 1206" 


o-Me PMR signals will be identical but in (120b%) they 
should differ because one methyl group has an axial and 
the other an equatorial environment (in the free base an 
averaged environment results since the axial 2-Me con- 
former BA cil t Sora TrEWe that of the equatorial 2-Me 
LOrmM) in face, the: 2 and 6-Me, PMR signal of the cis 
hydrochloride was -a single doublet while that of the) trans 
isomer was two doublets, confirming the stereochemical 
assignments. The lower field C-Me signal of the trans 
salt is attributed to the axial methyl group because 
this is more subject to the deshielding influence of the 
protonated nitrogen atom (Casy, 1966). 

The assignment of the configurations to the a- 
and g-isomers of the benzyl derivative (123) is made on 
the basis of the resonance signals of the benzylic methyl- 
ene, the 2- and 6-Me and the NMe protons in their PMR 


Spectra in D0 as illustrated below (detailed PMR signals 
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are given in experimental): 


Me Me 
PhCH, * vy sy 
Oe : Me Me Sie : Me 
| 
Me 
3! PhCH 
2 
a-isomer (123a) . B-isomer (123b) 
PMR signal a-isomer B-isomer 
PhCH, 236 HZ 210 HZ 
NMe 184 Hz 190 Hz 
2- and 6-Me 12, Wz Omi Z 


The known fact that axial substituents in the cyclohexane 
ring or related systems are usually more shielded than 
equatorial ones (Jackman, 1959) makes reasonable the 
assignment that the a-isomer (123a) has an equatorial 
benzyl group and’ the @-isomer (123b) an axial benzyl 
group, Since the benzylic methylene singlet in the o-isomer 
(ate286 Hz from DSS) 1s down field of that in the 6—1somer 
(at 276 Hz). Further evidence in support is the higher 
field NMe singlet (184 Hz) found in the a-isomer (8-NMe 
signal is at 190 Hz). Brown and his colleagues (1967) 
have employed similar arguments in the case of related 
quaternary piperidine derivatives. 

The 2- and 6-Me groups in the §-isomer appear to 


be slightly shielded by the benzyl function, since the 
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PMR signal of these groups is higher field than the 
corresponding resonance in the a-isomer. The benzyl 
group should not influence the 2- and 6-Me groups in 

the a-isomer because it is too far away (the 2,6-methine 


Signal is also higher field in the 8-isomer). 


PMR Characteristics of Morpholine Derivatives in Relation 
to. Those of Acetylcholine 


The methylene ring proton PMR signals of N-methyl- 
morpholine and N,N-dimethylmorpholinium iodide (117) 
closely resemble those of Ach. In the free base (Figure 
oC in Chapter 1V)) both NCH, and OCH. Pee appear as 


multiplets with the typical pattern of the NCH, signal 


Zz 
of Ach and its congeners; in the quaternary salt (117) 
the OCH, multiplet was broadened (as in that of Ach) by 
ae coupling. Both morpholine derivatives could be 
analyzed as A.B, systems (Smith and Shoulders, 1965) 


because equivalence of the chair conformers (124, 125) 
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renders the NCH, and OCH, protons equivalent. These 
data thus support the interpretation of the Ach spectrum 
in terms of a gauche Tas conformation (see Chapter IV). 
Ring methylene spectral characteristics of the 
derivatives ()26,, 118) sare far more: complex. in-thece 


cases marked conformational preferences exist, hence the 


protons represent an ABCD rather than A.B. system. 
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CHAPTER IV 


SPECTROSCOPIC STUDIES OF ACETYLCHOLINE, Sirs 


ANALOGS AND RELATED COMPOUNDS 
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LV PMR STUDIES 


The PMR analysis of Ach reported by Culvenor and 
Ham (1966) is outlined below, after some general remarks 
upon A.B. (A, X5) spin-spin coupled systems. 

There are Pacee possible staggered conformers for 
molecules of type XCH CH.QY, One trans (127a) and two 


equivalent gauche forms (127b, 127c). In each conformer 
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ateleast two Aistinct vicinal coupling=constants*arerin- 


volved; thus in (127a) there are one JU. trans (J and 


2) 
one J gauche ee and an (127b) one J, and three a 
couplings. Rapid interconversion of conformers by rota= 
tion about the C-C bond renders each geminal pair of 
protons chemically equivalent and the four proton system 
is described as AoX, OF AB, depending on whether the 
chemical shift difference between the methylene pairs is 


large or small. The same rotation doesnot, however, 


lead to a single, averaged vicinal coupling constant 
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except when the conformer populations are equal. Hence, 
spectra obtained are complex and cannot be analyzed by 

a first order treatment. The detailed analysis of these 
systems is outside the scope of this thesis, but certain 
features are summarized below. 

AB, (and A,X.) Systems give spectral patterns 
which are symmetrical about their midpoints; one half is 
due to the A, and the other a6 the B, (X,) group and 
either may be used for spectral analysis. In the most 


general case, four coupling constants are involved 


FIGURE 3. Diagrammatic representation of couplings in 
A,B, system. 


(Figure 3). These may not be derived directly from the 


spectrum but may be calculated in terms of the parameters: 


= < = = ! 

K = Jn + Jpi L J J 

= _ e = + 1 

M Jn Jp N J J 

iieMmost Cases Jn = Jp and M = O. 
In principle, an A.B, system gives rise to twelve 


transitions per group (i.e .-24 transitions in all) but 
in practice, fewer lines are generally observed (Figure 
4a, 4b). A strong doublet is usually discernable formed 


from lines 1, 2 and 3, 4 and the distance between lines 
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PIGURE 4. Diagrammatic representation of the A> portion 
of A,B, PMR spectra (Sheppard and Turner, 1959) 


with M=O and 

(a) LSO, N=3L, K>L on N; 
(b) L8O, N=3L, K=3L; 

(c) L=0 
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gives the sum of coupling constants (N). The dis- 
tance between lines 11 and 10 gives an approximate 
value for the magnitude (but not the sign) of the 
difference between J and J' (L). If N and L are 
known, the values J and J' follow since N + L = 2d. 
When J and J' are equal (L=0), a triplet is obtained 
(Pagure 4c); 

Culvenor and Ham's treatment (1966) of the spectrum 
of Ach may now be discussed. Part of the 60 MHz spectrum 
of Ach chloride in D.0 is shown in Figure 5a. The lower 
field multiplet due to the OCH. protons is broader than 
the NCH, multiplet because of an additional coupling of 
about 2 Hz between CH.0 and the positively charged 
nitrogen atom (nuclear spin 1). In quaternary nitrogen 
salts the three bond NCCH coupling is known to be larger 
(1.5-2 Hz) than the 2 bond NCH coupling (0-0.6 Hz) 
(Meiboom, 1957; Anderson et al.,. 1963; LaLancette and 
Benson, 1963; Binsch et al., 1964). N and Lb values were 
estimated as shown from the high field multiplet (Figure 
4b) and refined by means of an iterative calculation and 
computer program, giving N, 9.49 Hz and L, 4.43 Hz; 
the two vicinal J values are therefore 7.0 and 2.5 Hz. 


Anticipated values are as follows: 
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a) trans conformer favored. 
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In this case the smaller coupling (2.5 Hz) could 
correspond with ea but the larger value (7.0 Hz) is 


abnormally low for J, even allowing for substituent 


ce 
effects. 


b) gauche conformers favoured. 
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Here the 2.5 Hz coupling is consistent with the 
Jy value whereas J = 7.0 Hz approaches the expected 
value of % (J, + ele @2g. about’ (1l0t4t 3) 72> =.6,.55Hz2. 


On this basis J, has: a value (11.5 Hz) within the 


normal. range. 


Thus PMR evidence favors a high proportion of 
+ 


an Ach conformation which is gauche about the NCCO bond. 
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In view of the bulk of the NMe , substituent, this 
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result is surprising since steric interactions between 
the N and O substituents will clearly be less in the 


trans conformer. 


The spectral appearance of the NCH, Proton sig— 
nal showed little variation when D.0 was replaced by 
DMSO-d , or CDCl, (Table 3, No. 1) and D, 
trifluoracetic acid (Culvenor and Ham, 1966), hence con- 


O-pyridine or 


former population appears to be little influenced by sol- 
Vent. 

It was of interest to examine the PMR spectra of 
Ach analogs in which the quaternary nitrogen group was 
even larger than NMe , to see if preference for gauche 
conformers be maintained when the destabilizing steric 
factor is increased. To this end the spectra of the 
derivatives of type (12) were recorded in D,O (synthesis 


described earlier). Spectral characteristics are given 


in Table 3. 
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1. (fS-Acetoxyethyl)allyldimethylammonium Bromide (13) 


SSS lS ss sts SSS 


The PMR spectrum of (lie (Table.3,.NG.scdein D,O 
showed methylene signals similar to those in the Ach 
spectrum. In the spectrum of the corresponding alcohol 
quaternary salt (129) (Table 3, No. 4), the methylene 
multiplet of NCH. looked closely like that in the spec- 
trum of Ach and imitated that in the choline spectrum 
(Table 3, No. 2), the latter showing methylene multiplets simi- 


lar to Ach signals (Culvenor and Ham, 1966); the OCH» signals 


was obscured by the presence of a doublet due to the 


+ 
methylene protons of NCH.CH=CH,. 
2. (8-Acetoxyethyl)benzyldimethylammonium Bromide (14) 
The NCH, Signal of Ach was reproduced in the spec- 
crumeore (14) in D0 (Figure 5b) (Table 3, No. 5). The 
OCH, multiplet could not be clearly seen as a result of 


overlap with water peak. The two methylene signals in 
the spectrum of (14) in CDC1., had the same patterns as 
those of the Ach spectrum in CDCl... 

The two methylene resonances in the spectrum of 
the alcohol quaternary salt (19) (Table 3, No. 6) showed 


usual Ach-like signals with slight modification of the 


NCH. multiplet and imitated those in the choline spectrum. 
3. (®-Acetoxyethyl)dimethylisopropylammonium Bromide (5) 
ny een 8 Sn ee ee eee ———EE——————e— 


The NCH, signal in the spectrum of (15) (Table 3, 
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No. 7) overlapped another proton signal (-NCHMe but 


5)1 
the usual Ach NCH, pattern could be observed. The NCH2 sig- 
nal, which resembled that in the choline spectrum, was 
also seen in the corresponding alcohol quaternary salt 


(20) (Table. 2, No, 8).. 


The NCHMe, Signal of the acetate (15) was a broad 


doublet due to the long range coupling influence of nitro- 
gen. This coupling of the NCCH type was supported by the 
observation of two clear doublets of triplets with J = 

1.5 Hz (NCHMe, signal) in the spectrum of the correspond- 


iNcralLconol (20) 2 


4. (8-Acetoxyethyl)-t-butyldimethylammonium Bromide (16) 
The usual NCH, Signal of Ach was shown in the spec- 
Ec umeor (16) Aihable 93 No.9) sine DOF anc) thes OCH signal 


2 2 
overlapped the water peak. The two methylene multiplets 


in the spectrum of the corresponding alcohol quaternary 
ealte(2l)) (Table 3, No. 10) -were very similar to those in 
the Ach spectrum. 

In the spectrum of 2—=(N-t—buty1-N-methy lamine)— 


ethanol (22) Tecpel the presence of two triplets 


ay 
(peak separation = 5.5 Hz), assigned to the two methylene 
groups, leads to the conclusion that there is no confor- 
mational preference in this compound (for detailed dis- 


cussion see 3,3-dimethyl-n-butyl acetate). The two 


methylene signals in the alcohol (22) hydrochloride in 
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CDC 1. were difficult to resolve and could not be used 
to aid this present discussion. 

It was noticed that t-butyl singlet was a broad 
Signal in the spectrum of the acetate quaternary salt 
(16) while a t-butyl triplet with 3. = 1.5 Hz was found in 
the spectrum of the alcohol quaternary salt (21). Again, 
this is another example of NCCH coupling. 

From these results, doses clear that the methylene 
protor’ PMR characteristics of the Ach analogs (13, 14, 15, 
16) clearly resemble those of Ach itself (see especially 
NCH, Signals in Table 3). These data, following the 
analysis of Culvenor and Ham (1966), thus support prefer- 
Bea gauche conrormers fon the analogs (1377 14,915, 716) in 


D,O and show that replacement of one of the NMe groups 


zs 
of Ach by a bulkier group has no significant effect upon 
the conformational equilibrium of this class of compounds. 

PMR results upon 3,3-dimethyl-n-butanol and its 
esters (27) (the ester 1s termed carbocholine) (Table 3, 
No. 11, 12) establish that the bulky substituent must 
carry a positive charge in order that gauche conformers 
be preferred in these g-substituted ethanol derivatives. 
Thus the methylene PMR signals of both the free alcohol 
and the ester in CCl, appeared as almost symmetrical 


triplets characteristic of an absence of conformational 


preference (Whitesides et al., aD Oni) ee 
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If the population of conformers (130a), (130b) 
and (130c) be equal, the average H)/H,' coupling con- 
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coupling, hence the Hy (and H,') Signal will appear as 
a 1:2:1 symmetrical triplet with J = or + J + J)/3 
Whitesides ele dl. 7 30967). 

Conformational preferences in Ach analogs do not 
require a quaternary charged center since the PMR 
methylene characteristics of 2-dimethylaminoethyl acetate 
hydrochloride (Table 3, No. 13) are similar to; those of 
the quaternary salts (Table 3). 

The methylene signals of the primary aminoester 
hydrochloride (26) also suggest preference for gauche 
N/O conformers. (Table 3, No. 15). 


All free bases examined however had methylene 
proton PMR features typical of a lack of conformational 


preference (Tabte 3, No. 16, L/)< 
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PMR data upon free alcohol quaternary salts (19, 


20, 21, 129) typified by choline (Table 3, No. 2) support 
conformational preferences as seen for the acetate of 
these alcohols. Thus the alcoholic oxygen, rather than 
the entire acyloxy group, appears to be the important 
feature influencing the conformation of these compounds. 
When the oxygen is replaced by “sulfur as in acetyl— 
thiocholine (131), the methylene PMR signals are markedly 


different from those of Ach and its analogs. The NCH, 


+ 


Me ,NCH,CH.,SCOMe 


and SCH. Signals are much closer together (Fig. 6) and form a 
multiplet approximately symmetrical about the mid point. 
No clear assignment of L and N values is possible. This 
result indicates that conformational preferences in the 
thio derivative are different from those in Ach and its 
congeners as mentioned before. It is significant in this 
respect that X-ray analysis of acetylthiocholine shows 
that the crystalline salt has a trans N/S conformation 
(Sundaralingam, 1968). 

In summary, this PMR study shows that gauche N/O 
conformers are favored in Ach and related compounds and 
that this conformational preference depends on the pre- 


sence in the molecule of a charged nitrogen atom three 


bonds removed from oxygen. 
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FIGURE 6. SCH. “and” NCH, PMR signals ob acetyl chiio- 
See in D5O0. Recorded at 60 MHz; 
sweep width 250. 
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Note: 


N,N-Dimethylation of cyclohexylamine with formal- 
dehyde and formic acid produceddimethylaminocyclohexane 


which reacted with methyl iodide to give the correspond- 


ing methiodide salt (132). Its PMR spectrum was recorded 
aa 
H NMe, 
pe 2 


with a view to assessing the conformational free energy 
(-aG,) of the trimethylammonium group by comparison 
with PMR data upon the cis and trans t-butyl analogs 
Cis e (Eire eval, .1963; Bli1ei 1960) a fhercontomnas 


os 


tional free energy value could be applied to estimate the 


+ 
NMe 3 
oats) 
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interaction between the acetoxy and trimethylammonium 


group in Ach and (+)-trans- and cis-2-dimethylaminocyclo- 


hexyl acetate methiodide (30 and 31). Eliel's method 
requires accurate identification of the chemical shift 
of the o-methine proton; unfortunately, this resonance 


Signal was obscured by the N-methyl singlet, thus making 
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experimental evaluation of the aE, value very diffi- 


cult. This approach was, therefore, given Gh ey, 
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Analysis of the PMR spectra of Ach and its analogs 


has shown that gauche conformers of type (134) are favored 
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as the solute conformation. In these conformers a posi- 
tively charged nitrogen atom is close to the acyloxy : 
oxygen atom and an electrostatic interaction between N 
and a lone-pair orbital of this oxygen atom might be 
expected to arise., Thisrintramolecularpinteraction 


could well represent the stabilizing factor which com- 


pensates for the increased Steric energy of gauche over 
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trans conformers. 
Detection of an N---O interaction may be sought 


by a study of the carbonyl stretching frequency ( ) 


ee 
in Ach and related esters. Electron withdrawal from 
the carbonyl group occurs via the acyloxy atom and an 
increase in the electronegativity of this center (135) 
would depress the polarization of the carbonyl group 

(136)with a consequent rise in the absorption frequency 


(Martin-Smith et SU Sneha an 


Infrared data on this point is already available. 
Fellman and Fujita (1962) recorded the IR spectra of a 
series of esters in absolute ethanol (no concentration 


values provided) and obtained the following results: 


=) 
Esters aug fem ) 
MeCH.OCOMe 1748, 1728 
eee opr tates Li43e- 2/28 
Me ,NCHCH,OCOMe CL 1760 
Thus Yaxo of Ach has a significantly higher wave 
number than the corresponding tertiary base or ethyl 


+ 
acetate, consistent with the operation of an N---O 


interaction as in (134). 
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In the Ach analogs (137) (Fellman and Fujita, 


1963), in which the N-O distance is greater that of 


+ 
MeN (CH) .OCOMe if 


key 
nao i752) 17320 eme 
C=0 
= 
n=4 Yo=o 1748, 2c em 


Ach, Yazo frequencies corresponded closely with those 
of ethyl acetate. 

Fellman and Fujita (1962) originally interpreted 
thetr IR results in support of a cyclic Ach conformation 


(138) (this arrangement should results in a decreased 


Yaxo frequency) but later (1963) withdrew this hypothesis 


and attributed the increase Ya=o values to the inductive 
influence of the quaternary nitrogen, acting through the 
choline carbon chain. This explanation has been chal- 

lenged by Canepa and Mooney (1965). Canepa: (GL965).pre— 
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posed an electrostatic interaction between N and the 
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acyloxy oxygen atom on the basis of X-ray studies. 

In 1966, Fellman and Fujita reported the possi- 
bility of a conformational interaction between the 
unshared . electron pair on the acyloxy oxygen atom and 


a proton from one of the methyl groups on the quaternary 


+ 
nitrogen, namely NCH---O (139) (their PMR data failed to 
+ 

display non-equivalence of the NMe , resonance signal). 
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This postulate of the intramolecular NCH---O interaction 
was reviewed by Martin-Smith and his colleagues (1967a 
and b) who were unable, however, to obtain conclusive 
evidence in support of the conformation (132) (the shifts 
in NC-H stretching frequencies could not be attributed 
EO ene =o interaction; no PMR data were obtained to 
confirm this interaction). The possibility of formation 
of CH---O hydrogen bonds has been discussed in detail by 
Donohue (1968) who considered their existence to be 
highly improbable. 

The reported IR data has two limitations: 

1) its interpretation is complicated by solvent 


effects, the wave number of Ach and other esters 


Yoe=0 


will be reduced, for example,in hydroxylic solvents by 
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hydrogen bonding of the type (140). 


R 
Se --- H-OR" 
R'O 
140 
2) there is no evidence that the v wave 


C=O 


number reduction seen in ethyl acetate on introduction 
of an onium group is an intramolecular effect. Dilu- 
tion studies are necessary to differentiate between 
inter- and intra-molecular effects and these have not 
been reported. 

For these reasons, further IR studies of Ach and 
its analogs were undertaken in this work. Redistilled 
spectroscopic chloroform was chosen as the reference 
solvent since solvent effects should be negligible in 
this case. 

Esters were examined over the concentration range 
10%-0.1 or 0.05%, the lowest concentration being 0.005 
mole/liter. At this dilution, intermolecular effect may 
be discounted (Tichy, 1965) 2 ADGSIR datarare-qivensin 
the Table 4 and only the absorption frequencies of Ya=o 
at the anitial and final concentration shown. 

The comments given below may be reached on the 
basis of these IR results. 

1../iIn, all cases little change in the Vaso values 


of the salts (Table 4) occurred on dilution; this result 
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TABLE 4. CARBONYL STRETCHING FREQUENCIES OF ESTERS 
Boe SEES WETe: Serene 2th 6 Becemen sneces. | 
-lla 
yee Lehre +) 
No. Esters —— 
10% mole/1» Others 
+ 
1 Me,N(CH,),0COMe C17 1750. 1755 1757° ,1740° 
2 Me,N(CH,) ,OCOMe ee hee) 
3 MeCH,OCOMe 1735.. 1735 1S) 56 
4 Me.N(CH.) ,OCOMe-HC1 1752 oe 
+ 
Me ,NCH,CH (Me) OCOMe C1 1745 1746 1735" 
Me.NCH.,CH (Me) OCOMe T730e wie? 
Me 
) Sn (cH, ) ,OCOMe 1745 1745 
es Bue 
Me 
8 Sn (cH ) ,OCOMe* HC1 igicisa, ecakyietw) 
We 2/2 
t-Bu 
=o. + - da 
9 YN (CH,) ,0COMe I 1749 #1753 174271722 
t-Bu 
i, = d 
10  CH=CHCH,N(CH,),0COMe Br” 1750 1755 1750 
+ = 
11 PhCH,N(CH,),0COMe Br 1750 SST 1750° 
+ 
12 Me,CHN(CH,) ,0COMe Br™ T7SON 1750 17509 
ie) oe ae 7 32a melee 
14 Me N(CH, 5 SCOMe Cle 1695 1695 
ne 
15 CL tones 1730 1730 
Me» 
ne 
16 (cis) 1745 Li50 
NMe 3 ee Aeros 
OCOMe 
OCOMe 
18 new y- (trans) 1742 1742 
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These IR spectra were recorded with a Beckman Infra- 

red Spectophotometer Model 10. The spectral measure- 
ments in the region of carbonyl stretching frequency 

were calibrated with polystyrene and the error is 


within +2 cml. A KBr cell of variable path length 
was used, 


Redistilled spectroscopic chloroform was used as 
solvent. 


10% absolute ethanol solution was used as solvent. 


Samples were examined as Nujol mulls 
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shows that intermolecular interactions do not signifi- 
cantly influence the carbonyl stretching frequency of 
these esters. 

23° The Vaso Value of Ach in chloroform (Table 4, 
No. 1) has a distinctly higher wave number than that of 
the corresponding tertiary amine (17) (Table 4, No. 2); 
Vaso of the latter corresponds closely with that of 
ethyl acetate (Table 4, No. 3) and is markedly lower than 
that of the amine hydrochloride (Table 4,-.No. 4), Vaso 
of thissalt being about the same as that of Ach. The 
same difference was seen in the case 8-methocholine and 
Hts Corresponding free: base (24) (Table 4, 9No. 5 and) 6) 
These results indicate the existence of some intramolecu- 
lar effect operating in the molecule of the salts, which 
raises the Yo=o value. The shifts in Vaso between the 
tence rany famine OLrthe it—buty 1 tanaloge@ (lable -4,)sNo.) 7) 
and its hydrochloride and its methiodide: (Table 3, No. 8 


and 9) are, however, not large; values of the latter 


Yc=0 


two are close to that of Ach, whereas that of the free 


base ws ‘abnormally higher than *that Yof%ethyl acetate. 


3% mihe Va=o values of all the Ach analogs (Table 
on Noe OntL0, “bl, ol2)., *intwhichdonesotethe «N-methyl groups 
afi 
of NMe. in the Ach molecule is replaced by the bulkier 


3 
group, are similar to that of Ach. The PMR data upon 


these salts have provided information in support of 
+ 


their gauche conformation about the NCCO fragment and 
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the IR data obtained give further evidence of the prob- 
able existence of interactions between the nitrogen 
and acyloxy oxygen atoms (134). In the hydrochloride 


Salts (Table 4, No. 4, 8), hydrogen bonding of the type 


(141) may also contribute to the observed Yazo increase 
2 ie I 
vis 
H N—Me 
H Ne 
141 
+ 


(if the NH proton bonded to carbonyl oxygen a decreased 
Ya=o value would result). 

4, The similar Vaso values Of 3, 3-dimethyl—-n— 
butyl pacetate  (carbocholine)) 9(27).(Tablee4 ino 293) 
and ethyl acetate shows that the Yazo elevation seen in 
Ach and related compounds is not steric in. origin. In 
addition, results upon the free tertiary amine esters 
(Table 4, Nol 2, 6) and ethyl acetate establish that 
the basic nitrogen function has no Significant influence 
on the ester carbonyl stretching frequency. 

5. The very low Yo=o value of acetylthiocholine 

(thioAch) (lower than sthat (of sethyl acetate)jmreftlects 


the different influence of oxygen and sulfur upon the 


carbonyl stretching vibration; release of a sulfur lone 


egy? sdt ela (8 ab em 
sesetont 4.5 bevaeado edt oF (ee 


peasexosb s napyxo fymodxso of bebmod ideictiagials end 2k) 
_(¢ivesx Bivew eulsy. Gunv a 
-ni-Lyritemib-£,€ to asulsv 5.4 uslimia eff  sboetint | 
(EL .om ,S osfdeT) (XS) (smtLodsodzss) otsteos Lytud 
ni meee cottsvelse 25" ait tedt+ ewota stsso0B: fydte bas. 
al .fipitxo ‘ai oixete tom ak abnvogmoo. betsiex bas ok 
syojes otime yubisxes sett edt aoqu adiueet voi the 
sent fetidetas s¢stevs [ydve bas (0 ,8& Lou +h elder) 
eonoulitai tasotitapie on asd aotsonust aapoasint ahead edt 


.yoroupssi pninosease — cided ba ost 


~17206- 


pair of electrons as shown in the canonical forms (142) 


is responsible for lowering Ya=o of thiolesters below 
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142 
the values found for ketones (Bellamy, 1968). This wave 


number decrease may be attributed to the difference in 

electronegativity between oxygen and sulfur since the 

electronegativity of sulfur is substantially less than 

that of oxygen. The corresponding tertiary amine (143) 
+ 


of thioAch was not available for assessing N---S inter- 


actions. However, the Veo value for thioAch falls 
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within the range 1698-1690 om + quoted EOredialvky le ehioi— 


+ 
esters (Bellamy, 1968), and this suggests that N---SCOMe 


interactions are absent as would be the case if a trans 
N/S conformer were preferred. 


6. “Some data in CHCl] (Table w4; (Now 7 243) 


3 
obtained in the present work are very close to the report- 
ed data on these compounds in DMSO (1744, 1733, 1733 our 
respectively) (Fellman and Fujita, 1966); both these sol- 
vents are unlikely to associate with the carbonyl function 


of solute molecules. Re-examination of the values of 


Vaso of ethyl acetate and Ach in ethanol (Table 4, No. 3 
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and 1) reveals that they also are consistent with 
FelLiman and. Pujita's report (1962). In view of pre- 
vious publications (Canepa and Mooney, 1965; Fellman 
and Fujita, 1966) and the present data, the solvent 
effect must be taken into account. Of striking inter- 


est is the higher wave number shift of when 


“C=O 
ethanol was used as solvent, a result which is con- 
trary to the anticipated lower wave number shift that 
must follow association of ethanol's hydroxyl with the 
ester's carbonyl function. A possible explanation is 
that the ethanol interaction involves the lone pair 
electrons on acyloxy oxygen atom and the solvent hydro- 


xyl group (144) as shown below; this interaction would 


result in an increase in the Va=o value. 
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8. Carbonyl stretching frequency data upon the 
quaternary salts examined as Nujol mulls (Table 4, No. 
1, 5, 9, 10, 11, 12) showed no consistency. In mulls 
the physical state varies from compound to compound. 
See ne Vo=0 shift of the base to the quaternary 
salt (Table 4, No. 15 and 16) for the cis cyclic Ach 


analogs is significantly larger than that seen in the 
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trans case (4v,_)=20 Bae Bee ens eee cm + for the 
trens at the highest dilutvon). (Table<4, Now 17, 18). 
Fellman and Fujita (1962) also reported a higher Vaso 
value in ethanol for the cis quaternary salt (Vaug=1753 
erm etorethe cis, 1740 em | for the trans) but provided 
no data on the corresponding free bases. These differ- 
ences suggest that the nitrogen and oxygen functions 
may approach more closely in the Gis analogs. This de=- 
duction is in accord with the interpretation of. the 
greater reactivity Of cis compared with) trans esters 


and xanthates in pyrolytic eliminations (Eliel et al., 


1965). The approach of both cis (145) and trans (146) 
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disposed groups involves ring distortion in these reac- 
tions but less non-bonded interactions result in the 


former case. Data on the t-butyl cyclic analogs (73) 
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will be a valuable adjunct to these IR studies. 
It is evident from these discussions that the 


IR results substantiate operation of intramolecular 
+ 
interactions of the form N---O (acyloxy oxygen) (134). 
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NOTE ON PHARMACOLOGY 


The following compounds were submitted to 


Professor E.R. Ari&ns of the Department of Pharmacology, 


OR OR' 

— 

Melee NMe., *HC1 
R Isomer R' Isomer 
COMe trans 30) COMe trans 62 
COMe cis oye COMe cis 64 
COCHPh., trans 49 COCHPh, trans 47 
COCHPh., eis 210) COCHPh., cis 48 
COC (OH) Ph. trans ou! COC (OH) Ph. trans iS) 
COC (OH) Ph. Cis 58 COC (OH) Ph, cis 56 
University of Nijmegen, for their evaluation as mus- 


Cabinic andsnicotinie agents. 

At: the time of writing this thesis only a prelimi- 
nary report upon the cyclohexane analogs (30 and 31) was 
available (Ariéns, 1969). The trans isomer (30), while 
having a weak spasmogenic action upon the guinea pig 
ileum in some cases, generally acted as a weak antagonist 
of contractions induced by the muscarinic agent furtre- 


thonium (147); its pA, value was 4.5. The cis isomer 
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(31) was practically inactive as an antagonist. 
Professor Ariéns preliminary conclusion was that 
there appeared to be no clear-cut difference in the 
activity of the two isomers and that (as compared to 
Ach) cyclization results in a loss) of intrinsic acti= 
vity for the trans compound and a loss of both affinity 


and intrinsic activity for the cis isomer. 
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CHAPTER, V 


EXPERIMENTAL 
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All melting points were measured on a Thomas 
Hoover Capillary melting point apparatus and are un- 
corrected. Infrared spectra were recorded on a Beckmann 
Infrared Spectrophotometer Model 10 (solids as Nujol 
mulls and liquids as films unless otherwise specified). 
PMR spectra were determined on a Varian Associates Model 
A-60D spectrometer at the normal operating temperature, 
and the chemical shifts are recorded in Hz from tetra- 
methylsilane (TMS) unless otherwise specified. Elemental 
analyses were carried out by Drs. G. Weiler and F.B., 
Strauss, Microanalytical Laboratory, Oxford, England, and 
by the microanalytical laboratories of the Department of 
Chemistry and of the Faculty of Pharmacy and Pharmaceutical 
Sciences, University of Alberta. 

All the commercial chemicals were used without fur- 


ther purification unless otherwise specified. 
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i) SYNTHESIS OF ACYCLIC ACETYLCHOLINE ANALOGS 


(8-Acetoxyethy1) allyldimethylammonium Bromide (13) 
= eee SERENE 


To an acetone solution of 2-dimethylaminoethyl 
acetate (17) (1.3 g, 0.01 mole) was added dropwise an 
acetone solution of allyl bromide (1.2 g, 0.01 mole); 
white crystals of (13) (2.4 g, 96%) separated spontane- 
ously and were collected. Upon recrystallization from 
ethanol-ether the crude crystals gave white needles, m.p. 
101-103°. 

Anal. Calcd. for CoH, gBrNo.: C,ea2c8O Hee io. 
rounds ©, 42.863) Hy 72-16% 


Allyldimethyl (8-hydroxyethyl) ammonium Bromide (126) 


A solution of 2-dimethylaminoethanol (8.9 g, 0.1 
mole) in acetone was added dropwise to allyl bromide 
(A287 0. umole) invacetone; whitercrystals Ofssel26) 
precipitated immediately and were collected (20.5 g; 98%), 
MEp. 63-65° from ethanol-ether. 

Anadis*Caticd. £or CoH, ¢BrNO°H,O: CP 365,05 Gre tly eal eke 
Found: 6G, 96.44; Hh; °3'.36-. 


Benzyldimethyl (g-hydroxyethyl) ammonium Bromide (19) 
Se eS ee ee eee 


Benzyl bromide (17.1 g, 0.1 mole) was dropwise 
added to an acetone solution of 2-dimethylaminoethanol 
(8.9 g, 0.1 mole) and the white crystals which resulted 
collected.. Yield 21 g (81%), m-p. 129-130. (Jones, 19625 


reported 130-131°). 
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(8-Acetoxyethy1) benzyldimethylammonium Bromide (14) 
——oOoOeS—_oOoO0¥VO3m—COleO——— 


a) A mixture of 2-dimethylaminoethyl acetate 
C296" G7 "050 24mole)tand benzyl bromide (3.4 g, 0.02 mole) 
in acetone was refluxed for 3 hours. The acetone was 
evaporated and the residue was cooled when it crystallized 
as white prisms (3 g), m.p. 124-127°. 


ERespectrum: 


i dl. 


v : 3300 cm 


ee (OH pMvs yt 2 508cm™ 


(COP Pyw): 


The presence of a very weak ester Vazo peak indi- 
cated that most of ester formed had been hydrolyzed to 
the corresponding alcohol (water being present either 
in the solvent and/or absorbed from the atmosphere). 

The Vo=o peak disappeared when the crude product was 
recrystallized from ethanol-acetone-petroleum ether 
mixture. The m.p. of the purified product was 129-130 
and this was not depressed by the alcohol (19). The 


product was thus identified as benzyldimethy1l (8-hydroxy- 


ethyl) ammonium Bromide (19). 


b) A mixture of the alcohol,quaternany salt. (19) 
(5.2 g, 0.02 mole) and acetic anhydride (3.06 g, 0.03 
mole) was heated under reflux for 2 hours while stirring. 
The white crystals (4 g) which precipitated after cooling 
were collected and washed with acetone; they had m.p. 
hela Saeelobe mixed m.p. (with the starting alcohol) 127120" 


and an IR spectrum superimposable with the starting 


material. 
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c) Procedure b) was repeated and the reflux time 
was prolonged to 5 hours. The precipitate (2 g) collect- 
ed melted at 128-130° and the m.p. was not depressed 
when mixed with the starting alcohol; this precipitate 
was therefore the unreacted starting alcohol. Anhydrous 
ether was added to the filtrate (mother liquid of the 
reaction mixture after removal of the above precipitate) 
and white crystals (2 g) melting at 124-126° was isola- 
ted. Its mixed m.ps, with the starting alcohol and®with 
the product isolated in the d) (see later) were rosie 
and’ 124-126" respectively. Its IR spectrum did not dis- 
play YOH peak but had a very strong Ya=0 band at 1750 cm 
and was superimposable with the product of qd). 

dj" SA*mixture ofthe compounds (19) (5829, >0 202 
mole), acetic anhydride (3.06 g, 0.03 mole) and pyridine 
(5 ml) was stirred for 10 hours at room temperature. 
Removal of pyridine, excess acetic anhydride and acetic 
acid formed in the course of reaction under diminished 
pressure yielded white crystals of the title compound 
(58.5) Gy" 91852) 4 °m.p. ese mixed m.p. with the start- 
ing alcohol 110-124°. The crude white crystals crystal- 
lized as white rosettes from ethanol-ether and melted 
at 125.5-126.5°. 

Anal .-Calcat = tor C,H BYNO.: Gab L SO 5G lye 0s O.0r. 


135-20 
PoOunCcs) aC, Dl 45 bye On Oee 


il 


-gosiioo: (p s) r 7 tq : 
beasexqeb tom esw .q.m < “Obs : 
etetiqiosxq aidt ~Lodools eoLtsede wire oie os ork 
evoxbydnk .fedooks pridasde potosexas odd stotexedd ass 
efit to biupit tedtom) stextlit edt of pater: 
(etstiqios1q svods six to Lsvomex 2stis onuzxhe mokdosex 
-~sfoet esw °dsSf{-eSl ¢s prisiom (p S$) elsteyxo. osidw bas i 
ritiw bas fodools pritxzste oft Atiw .eq.m bexim ast bed, a 
ns r=0Fl sisew (tetel 982) (6 odd ot betsfloal souborq: ots “39 


-2tb ton bib muxtosge 8I esI .ylevisosqeex Pasi-est bas 5 
or 
ae a> OeVI 35 based pnorste yxeV s bad tud as9q » ‘ysiq 
O= 5" HO” 7 
-(B to s0nboigq sds citiw sidseogmizsque esw fas - 
F we as ad 
$0.0 .p S.2@) (@£) Brvegmos sie to suutxia A (b. 
entbinyd bis (sfom €0.0 .p 00.€) Ssbizbyrdias ‘nbveds “a (elee. i 
7? 
oritsisgmet moor +5 arHor Of tot bertise esw > (im 2) 
sits0s bus sbixbydne otteos eesoxe .entbixyg to isvomes 
ao 
bersinimtbh tebnu aotizset 20 seiwe> SMe ai bowio® o5 9 
bavogmoo ofs¢it sit To, alsteyio et idw boblety | : 
; ; 6 o Fr pee et ve 
-tistie oft d3iw .q.m Bbexim , TSI-BS1L .q.m , (82.18 .e 2, - . 
~istevio elsteyxo Stinw sbuxo sdT . ae f-0L1 ‘foflests pak = 
betfem bis tedsze-lonstits mort asttesor otidw en besit ' | 
eas-2.esn 38 
83.8 ,H ¢@aul@ 4D oth 2 28 ot 


es NE 


Dimethyl (8-hydroxyethyl) isopropylammonium Bromide (20) 
—_—_—_—_—_—_—_—_—_————— 


a) An acetone solution of 2-dimethylaminoethanol 
(8.9 g, 0.1 mole) and isopropyl bromide (12.3 g, 0.1 mole) 
was refluxed for 4 hours while stirring. Evaporation 
of acetone gave white crystals of 20X10" G7" 472)77 mp. 
275-276° with decomposition from ethanol-ether (Robinson, 


1951, reported 7 an) % 


b) A mixture of 2-dimethylaminoethanol (17.8 g, 
0.2 mole) and isopropyl bromide (24.6 g, 0.2 mole) in 
acetonitrile was refluxed and stirred for 6 hours; white 
crystals separated during the reflux period. Anhydrous 
ether was added to the reaction mixture to bring about 
Maximum precipitation, and the crystals (35 0g, 33%), m.p. 


2 if oe were collected. 
(8-Acetoxyethyl)dimethylisopropylammonium Bromide (15) 
SS) IS BR tt Ree Ci pak er cea Rien ete rhe See oe pe Se ee eh ee ee 


a) An acetone solution of 2-dimethylaminoethyl 
acetate (1.3 g, 0.01 mole). and iscpropy!l bromide (1.2 g, 
0.01) was warmed for 5 minutes, and a semisolid was oh- 
tained. Removal of the solvent afforded residue (2.2 9). 
Several attempts to obtain a crystalline product from 
ethanol-ether, methanol-ether or ethanol-acetone-ether 


were fruitless. 


b) An acetone mixture of 2-dimethylaminoethyl 


acetate (2.6 g, 0.02 mole) and isopropyl bromide (2.4 g, 
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0.02 mole) was heated under reflux for 2 hours; crystals 
separated out on the wall of the reaction flask when the 
reaction mixture was cooled. Ether was added slowly to 
the mixture until maximum precipitation resulted. White 
needles of the title compound (0.5 g) were collected 
which melted at 119-120° (see d) for analysis). When the 
period of reflux was prolonged to 24 hours, or the mixture 
allowed to stand at room temperature for 7 days the yield 
was not improved. 

c) A mixture of 2-dimethylaminoethyl acetate (2.6 g, 
0.02 mole) and isopropyl bromide (2.4 g, 0.02 mole) in 
acetonitrile was refluxed for 24 hours. To the refluxed 
mixture was added anhydrous ether and white crystals of 
the desired product (2 g, 40%) were collected, m.p. 120- 
122° from an ethanol-acetone-ether mixture. 

d) A mixture of (20) (10°6 g, 0.05 mole), acetic 
anhydride (10.2 g, 0.1 mole) and pyridine (20 ml) was 
stirred for 12 hours. Anhydrous ether was added to the 
reaction mixture and the solidified product of (15) was 
collected and washed with ether. Recrystallization of the 
solid from ethanol-acetone-ether gave white prisms of the 
eee (1S) (1). 50g) ole) ampere lee—124 


Anak. Calcd. “£0L CgH, BrNo,: Cy 426535) Beis: 


Pouna 26 'C 4200 sll, Os vi. 
2-(N-t-butyl-N-methylamino)ethanol (22) Hydrochloride 
a a 


A mixture of 2-t-Butylaminoethanol Ge GC.) 10 Leia ye, 


40% (w/v) formaldehyde (11.2 ml, 0.15 mole) and 88% formic 


aleteyxo te a2: awa ‘Se He Pal as nen“ a, ie . 
eee ere Design... bebe masa pees 
atidw .betiaact Fs aan ra ot 

betosiido sisw: (P 2.0) brvoamos elstt ene 


- 
"oe, & 


Lean 


od? nsdW ©. (ateylems sot (b 998) os I-eLL 38 betLom okdw | a 
siutxim old to yexved BS oF ee ae asw xultes tact Pe, 
pLoty. edd aved . tot stutstedmes stoot +s baste oF £ 3 rf 7 


-bevozgat son ow 2 
.p 3.8) 93627595 Lytiseonimalyddomtb~$ to owsxim A via, a . 
wut 

ak (slom $0.0 ,p '.S) sbimosd Lygoxgoet bas telos $0.0 io 


bexurzex sdt of .-axvor bS +ot. bexyliet asw etixsia0%e98 

io elsteyxo otinw bas terts evoxbyrias bobbs. asw stwsko 7 
-0Sf .q.m ,bsdostios eaxrew (#08.,p S) souboxq besiesb bit 
.oustxim terite-onojeos~Loasiite as mort Ossi 

SLI896 , (oLom 20.0 ,p 2.0L) (0S) To oxndede A (b 4 

ecw (im 08) entbixyq bas (siom £,0 ,p £02) obisbyitns a 

eit ot Bebbs esw ted3s evotbyindk -exgon ci ror berxite 2 
wow (ef) zo smal’ bolttibtioe sds bas smutxim nolJonet 

eit to moitsstiieteysoea .1terte dtiw bedesw bas tania oa ; 
ere to ametxq otidw evsp ted¢e-enoseos-Lonsdss mor peal 

RSE-SSL .qum ,(8L@ yp SEL) (28) > bers 

. 


eet ae 3 # gH ye LD tod « We 
oe 8 apne 


sbixotdooxbys (SS) é 
.(siom £.0'\p Y.£L) renaitieod! ns Ly: 
Simrot #88 bus (elom 21.0 sakes 


= 4d23-- 


acid (7.8 g, 0.15 mole) was refluxed for 12 hours and 
then acidified with conc. hydrochloric acid. The solu- 
tion was evaporated to dryness, the residue treated with 
conc. aqueous sodium hydroxide and then extracted with 
ether several times. Removal of ether from the dried 
(Na,SO,) ethereal extract and distillation of the resi- 
due gave the N-methylated product (22) (11g, 85%), a 
colorless liquid, b.p. 68-70°/17 mm. Treatment of the 
free base (22) (1.3°g, "0.01 mole) “wrth Hel-ethanol-until 
the solution was acidic to litmus paper and addition of 
anhydrous ether to the acidic solution yielded the hydro- 
chloride salt (16 g, 96%) as white needles, m.p. 133-134° 
from ethanol-ether. 
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t-Butyldimethyl (8-hydroxyethyl) ammonium Iodide (21) 
a ET 


aye A tiixture of the» tertiary base (22) =\2eg7 -Um01> 
moley ana methyl iodide’ (59, 0-035°mole)! 1in-methanot was 
heated to boiling for 2 hours. Anhydrous ether was added 
to this solution until it became turbid and it was then 


cooled. The crystals which formed were collected and 


recrystallized from methanol-ether. The yield of-21 was 
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45g (99%); mp. 200-202°- 
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b) To. a: solutionsof 2-t-butylaminoethanol (11.7 g, 
0.1 mole) in anhydrous methanol was added methyl iodide 
(50 g) and the solution refluxed. After 1 hour's reflux 
freshly prepared sodium methoxide (69) in anhydrous 
methanol (20 ml), was added and reflux period continued 
for another 3 hours. Methyl iodide (20 g) and sodium 
methoxide (2 g) in methanol (5 ml) were added to the re- 
fluxed solution. This addition of methyl iodide and 
sodium methoxide was repeated twice over the period of 
24 hours. 

The solution was filtered, white crystals (21) 
CU en pao 200-205, being obtained. The filtrate 
was evaporated to dryness under reduced pressure and 
residue was recrystallized from ethanol, thus affording 


another crop (8g) of the title compound.» Total yield, 


22m. (OSs). 
(B-Acetoxyethyl) -t-butyldimethylammonium Iodide (16) 
cL 


a) A mixture of 2-dimethylaminoethyl acetate 
(3.9.9, 0.03 mole) and e€-bucyl bromide in acetonitrile 
was heated under reflux for 5 or 80 hours. The solvent 
was evaporated under reduced pressure and the residue 


kept in a vacuum desiccator when white, long needles 
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(6.2 g) were produced. Recrystallization “of (the ‘needles 
from acetone-ethanol-ether dave crystals, m.p. 87-90°, 
which was not depressed when mixed with hydrobromide of 
2-dimethylaminoethyl acetate with hydrogen bromide (see 
ia Cex) a. 

ER Spectrum: 

ur 


piped. 2655 and 2475 cm | 


a -l 
(Vie) 1750 cm 
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The reported m.p. for hydrobromide of 2-dimethyl- 
aminoethyl acetate is g4° (Tammelin, 1957). All these 
data show that the product is the hydrobromide of 2-di- 
methylaminoethyl acetate rather than the expected quater- 
Mary ester (16). 

b) An acetonitrile solution of 2-dimethylamino- 
ethyleacetate, (1.3.0, .0. 01 mole) “and, t-butyl bromide 
(ie i=¢g, 0.01 mole) was stirred at room temperature 2or 
7 days and anhydrous ether was then added to the product. 
White crystals (1.8 g), m.p. Boas were obtained and 
identified as the hydrobromide of 2-dimethylaminoethyl 
ACEEALE. 

c) A mixture of (21) (8.2 g, 0.03 mole), acetic 
anhydride (5.1 g, 0.05 mole) and pyridine (30 ml) was 
stirred for 16 hours at room temperature. The product, 


processed in the same way as described in the case of 


the benzyl analog (14), yielded the quaternary ester 
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(16) (9.29 g, 97%), m.p. 173-174° with decomposition 


from methanol-ether. 
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2-Dimethylaminoethyl Acetate Hydrohalides 


The hydrobromide salt was prepared by passing 
hydrogen bromide through an ethereal solution of 2-di- 
methylaminoethyl acetate (1.3 g). Yield, 2.0 g (95%), 
M.D. 86-87° from an acetone-alcohol-ether mixture 
(Tammelin, 1957, reported g4 2); 

The corresponding hydrochloride melted at 126-128° 
from alcohol-ether. 

Anal. Caled aphror 1C5H4 7CINO. & 3Cy £42090 55 17 core ee 
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2- (N-t-Butyl-N-methylamino)ethyl Acetate Hydrochloride (23) 
a a en oe 


2-(N-t-Butyl-N-methylamino)ethanol (22) hydrochloride 
(3.34 g, 0.02 mole) was heated under reflux with acetic an- 
hydride (3 g, 0.03 mole) for 24 hours. Anhydrous ether 
was added to the refluxed solution to bring about crystal- 
lization of the title compound. The crystals (3.5 g, 83.5%) 
were collected and recrystallized from ethanol-ether, m.p. 
138-139°. 
Ana ike pGailcd., shom Gaul C1NO,: Carb dieoe. Halas. 
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The free base liberated from the salt (23), was 


used for IR dilution studies without further DULITAcacLon. 


2-Dimethylamino-1l-methylethyl Acetate (24) 
SS et er ee ek ee 


A solution of 2-dimethylamino-l-methylethyl alcohol 
(10.3 g, 0.1 mole) in dry toluene was added dropwise to 
a solution of acetyl chloride (15.7 g, 0.2 mole) in dary 
toluene. The resulting crystals were collected, treated 
with a slight excess of dilute ammonia and extracted 
with ether. The ether of the dried (Na,SO,) extract was 
evaporated and the residue distilled under water pres- 
sure tO give the title compound (10 gq, 69%), bop. a7 / 
14 mm (Tammelin, 1957, reported 53°/13 mm). 

Hydrobromide (25): m.p. 113-115° from ethanol- 


ether (Tammelin, 1957, reported EAS 
2-Aminoethyl Acetate Hydrochloride (26) 


a) 2-Aminoethanol (10 g, 0.16 mole) was cooled 
to 0°c and glacial acetic acid (ll g) was added dropwise, 
the temperature during the addition being kept below 
5°c. The mixture which became solid after the addition, 
was stirred with anhydrous ether and the ethereal suspen- 
sron (at 10 C) then treated with anhydrous hydrogen 
chloride until it was saturated. The product was allowed 


to stand at room temperature overnight. Excess of hydro- 


gen chloride was removed in a Current Of alm, .and, the 
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residue collected and washed with acetone. Recrystalli- 
zation of the collected crystals from ethanol-ether 
gave white needles (14 g), m.p. 80-82°, mixed m.p. with 
2-aminoethanol hydrochloride (prepared by the previous 
method for making amine hydrochloride), 80-83°. This 
product was identified as 2-aminoethanol hydrochloride 
instead of its acetate (26) 

b) 2-Aminoethanol hydrochloride was prepared by 
treating 2-aminoethanol with ethanol-HCl and melted at 
Bio 3. ah Merck Index, 1968). A mixture of this 
salt (14 g, 0.14 mole) and acetyl chloride (22 g, 0.28 
mole) in acetone was heated and stirred for 30 minutes. 
The mixture was cooled, filtered and washed with a few 
ml. of acetone, thus’ yielding the title ester (19 g, 
98%), m.p. 127-129° (Crane and Rydon, 1947, reported 


130°s"Hansen; 1963 132°): 


Bye pimethy L=n-buty) Acetate —(2/) 


3,3-Dimethyl-n-butyl alcohol (10 g, 0.1 mole), and 
acetic™anhydride (10 g, 0.1 mole) were» heatedMunderyret lux 
for 3 hours. The reaction mixture was washed with 10% 
aqueous sodium bicarbonate until evolution of carbon 
dioxide ceased. The oily layer was separated, washed 
with water and dried over anhydrous sodium sulfate. Distil- 
Tation of the crude oil (13.9) gave the title ester (27) 
(W226 9) O08) yao Ds 152° 752Gkat atmospheric pressure, 


47-48°/14 mm (Burgen, 1965, reported 154° at atmospheric 


pressure). 
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11) SYNTHESIS OF SIMPLE CYCLOHEXANE ACETYLCHOLINE ANALOGS 


(+) -trans-2-Benzaminocyclohexanol (38) 
a ee a 


A mixture of cyclohexene oxide (100 g, 1.02 moles) 
benzylamine (109 g, 1.02 moles) and water (15 ml) was 
refluxed for 5 hours and then extracted with ether. The 
ethereal extract was dried (Na,SO,) and filtered, and 
the filtrate evaporated to dryness, thus affording 205 4 
of the title compound which upon recrystallization from 
petroleum ether melted at 173° (Kovar, 1958, reported 


(eae 
(£)-trans-2-Aminocyclohexanol (35) 


A ymixture Of the aminoalcohol” (36)) (20579, 1 emote) 
and 10% palladium on charcoal (20 g) in’ absolute’ alco-— 
hol was shaken with hydrogen at room temperature and 
pressure until the theoretical amount of hydrogen had 
been absorbed. The mixture was filtered and the solvent, 
alcohol, was taken off under reduced pressure. The 
Heotdue was puriiied by distillation tcomgive theselete 
compound (35) (110 g, 96%), b.p. 111-112°/17 mm, m.p. 
65° (MeCas lander vals, 1949, reported b.p. LO2=107 79 mm, 
MDs Sane It gave a hydrochloride, m.p. vies from 


ethanol-ether (McCasland et al., 1949, reported 1G Tae 


(+) -trans-2-Dimethylaminocyclohexanol (28) 
OO 


The trans aminoalcohol (35) (11.5 g, 0.1 mole), 


40% aqueous formaldehyde (22 ml) and 88% formic acid 
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(13.8 g) were refluxed for 12 hours. The mixture was 
then acidified with conc. hydrochloric acid and evapo- 
rated to dryness under reduced pressure. The residue, 
after being made alkaline with 10% aqueous sodium hy- 
droxide and saturated with sodium chloride, was extracted 
with several portions of ether. The combined ether ex- 
tracts were dried (Na,SO,), the solvent removed, and the 
product distilled to yield the title compound (9.3 g, 
80.5%), b.p. 91-92°/17 mm (Adank and Stoll, 1959, re- 
ported 78-80°/11 mm; Taguchi et al., 1963, reported 71- 
157.10 mm); Dt gave a hydrochloride, mp. 186° from 


ethanol-ether (Adank and Stoll, 1959, reported 186-188°). 


(+) -trans-2-Dimethylaminocyclohexyl Acetate Hydrochloride 


(62) 


ee 
ree 


A toluene solution of the trans dimethylamino- 
alcohol (28) (4.0 g, 0.028 mole) was stirred with acetyl 
chloride (2.2 qg, 0.028 mole) mm toluene for] hour, when 
white crystals (6.2 9g, 100%) of the desired ester HCl 
were collected. This formed white prisms upon recrystal- 
lization from ethanol-ether which melted at 187-189°. 
Anal <=Caica, Lor Ci Ha CINCO a: eden wt lage a eMart ll 8 GWA 
Found: 8G, 54233: eHyed 04. 


(+) -trans-2-Dimethylaminocyclohexyl Acetate 
EE 


The title compound was obtained in 90% yield by 
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treating the corresponding hydrochloride (62) with 
excess of dilute ammonia. Its boiling point was 11ll- 


oO 
112°/18 mm (Adank and Stoll, 1959, reported 105-108°/ 
PS mn)". 


(+)-trans-2-Dimethylaminocyclohexyl Acetate Methiodide 


(30) 

An absolute ethanolic solution of (2) Ei anise 
dimethylaminocyclohexyl acetate (0.8 g, 0.004 mole) and 
Meciy. LOodide (1.7 ¢, 070l7 Indle) was Stirred for 3 hours, 
To this solution was added anhydrous ether to bring about 
complete precipitation. The product (1.3 g, 93%) when 
recrystallized from ethanol-ether gave white rosettes 
melting at 148-149°; when recrystallized from ethanol- 
ether containing 2 drops of water the product melted at 
bAS— E495, (Baldridge ety ails, eb 55, reported 21 ao ikl Malis 
monohydrate; Adank and Stoll, 1959, 124 4135e: Kay and 
Robinson, 1969, 161-165°). ‘The sample used for micro- 
analysis melted at i4o- ES. 

Rava Fs Gated apLorcC oH INO»: Cye4Or3i8is) Hy Oral Biz 


22 
Bourne sa iC, (40: 2ike et, t@752 


(+) -trans-2-Dimethylaminocyclohexanol Methiodide (39) 
(os 


The title compound was prepared in 95% yield simi- 
larly to that described for (30) and melted at 217-218° 
from methanol-ether (Adank and Stoll, 1959, reported 221- 


@) 
222°; Baldridge et al., 1955, 210-212°). 
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(+)-trans-2-p-Nitrobenzamidocyclohexanol (36) 


a ee 


A benzene solution of p-nitrobenwyl chloride (18.5 
g, 0.1 mole) was added to an aqueous solution of the trans 
aminoalcohol (95) (11.5 g, O21 mole)),, followed by the 
gradual addition of 5% aqueous sodium hydroxide (80 ml). 
The amide which formed in the upper layer of the reaction 
mixture was filtered and recrystallized from 95% alcohol 


to give pale yellow needles (25.6 g, 96.5%), m.p. J1G2912~ 


(Leffer and Adams, 1937, reported 210-211°). 


(+) -2-p-Nitropheny1-4 ,5-cis-cyclohexanodSxazoline-2 (37) 


Theverans—-panitrobenzamide (36) (13 2046540 .05emole) 
was treated at room temperature with thionyl chloride 
(43.6 g, 0.4 mole). After 6 hours stirring, the yellow 
solution was poured into dry ether at 0°. The pale 
yellow precipitate which formed was collected, sucked 
free from thionyl chloride as much as possible, and then 
suspended in ether and stirred. The ether was removed 
by filtration and the solid resuspended in water and 
stirred. The water treatment resulted in an exothermic 
reaction and most of the solid dissolved. The product 
was filtered free from impurities and the filtrate 
neutralized with conc. sodium hydroxide, giving a white 
precipitate, the title compound, which recrystallized 
from absolute alcohol as pale yellow needles melting at 


(@)) 
118-120 (McCasland and Smith, 1950, reported 120-121°). 
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The residue obtained from the filtration of aqueous 
washings melted at 233-234° with decomposition and was 
identified as (+) -cis-2-aminocyclohexy1-p-nitrobenzoate 
hydrochloride by mixed m.p. with a known sample (40) 


(syntheses see below). 


The yield of the oxazoline and the aminoester 


hydrochloride varied from batch to batch. 


(+) -cis-2-Aminocyclohexyl-p-nitrobenzoate Hydrochloride 


(40) 


a) A solution of the oxazoline (2.3 g, 0.01 mole) in 
5% hydrochloric acid (20 ml) was heated until it boiled 
and then allowed “to cool. The product crystallized in 
pale yellow needles (2.5 g, 87%), m.p. 231-233 with de- 
composition (McCasland and Smith, 1950, reported 230-292" = 
The m.p. was 233-234° after Lecrystallization Lrom alco— 
igke le 

bb) A mixture of the trans p=nitrobenzene (36) 
(64 Seacdy0..025 mole) and thionyl chaeride (270g, 2.27 
moles) was stirred at room temperature for 6 hours. 
Water (400 ml) was carefully poured into the above solu- 
tion. The resulting solution was filtered, thus yield- 
Page (27 5G); the pe 220 2oe with decomposition. The fil- 
trate was boiled for 10 min., followed by cooling, when 
yellow needles (17 g) crystallized from the solution. 


The mother liquid was concentrated, cooled and filtered, 
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another crop of product (20 g) being collected. The 
m.p. Of the second and third crops was the same as that 
ef the first crop. Yield, 64.9 (87¢).. 


IR spectrum: 


+ 
Vmax? 2630 and 2540 cm 1 (NH) , 1730 cm. (ester 


CO)z. 


(+) -cis-2-p-Nitrobenzamidocyclohexanol (41) 


A suspension of the cis aminoester hydrochloride 
(40) (64 g, 0.2 mole) in water (1 litre) was made basic 
with conc. sodium hydroxide. The voluminous white pre- 
Cipitate which formed was collected and recrystallized 
from 95% ethanol, thus giving pale yellow needles (54 g, 
965).7210 Ds Pyheeehae (McCasland and Smith, 1950, reported 
173-175°). 


ie Specerum: 


beats Ogand) 3295 emo~ (OH), 1620 cm + (amide CO). 
(+)-trans-2-Benzamidocyclohexanol (42) 
To the trans aminoalcohol (35). .(34.5 i¢g7.0.3. mole) 


dissolved in water (200 ml) was added benzoyl chloride 
(70.3 g, 0.5 mole) and a solution of sodium hydroxide 
(20 g, 0.5 mole)-water (120 ml). After 20 minutes 
swirling, the amide (65 g, 99%) m.p. 162-165 (Winstein 


and Boschan, 1950, reported sya eonly eee was obtained. 
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(+) -cis-2-Benzamidocyclohexanol .(43) 
ee ES EA ene Pe 


(+)-trans-2-Benzamidocyclohexanol (60 g, 0.274 
mole) was added in small portions to thionyl chloride 
(60 ml) (cooled by crushed ice). More thionyl chior= 
ide (20 ml) was added to bring a small amount of undis- 
solved material into solution. The mixture was allowed 
to warm to room temperature and left for three hours, 
then the mixture was carefully poured into water (1.5 
liters). The resulting solution was filtered and the 
filtrate was refluxed for 10 min. After refluxing, 
the solution was keptinarefrigerator for 24 hours and 
filtered, and conc. sodium hydroxide was added to basify 
the filtrate. The cis amide’ (45); which Separeted, melted 
at T5018) (Winstein and Boschan, 1950, reported Te02 eo) 
the yield was 54 g (90%). 
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(+) -cis-2-Aminocyclohexanol (34) 


a) Hydrolysis of the cis oxazoline (37) by aqueous 
hydrochloric yacid: 

Agmuxture votsethe Gxazoline (a7 yetl0) g, 0.042 mole) 
in 4N hydrochloric acid (75 ml) was refluxed for 4 hours, 
followed by cooling and filtration. The filtrate was 


evaporated to dryness, made alkaline with conc. sodium 


hydroxide and extracted with ether-chloroform (1:1). 
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Evaporation of the dried (Na,SO,) ethereal extract gave a 

crude product (2 g) which upon distillation afforded 

the aminoalcohol (34) (1 g, 23.5%), b.p. 112-114°/16 mn, 

Map; 74-75° (McCasland etyal. 1949, reported ipa ke ie 
The IR spectrum of the residue obtained from the 

refluxed mixture had a few characteristic absorptions 


1 1 il 


such as 2630 and 2540 cm. and 1695 cm and 


p a0 een4 
was completely superimposable with that of a prepared 
mixture of the cis aminoester hydrochloride (40) and 


p-nitrobenzoic acid (the Uae 
af 


at 1695 cm). The relative intensity of Yo=0 atplyco cm 


LOgthateat 1695 are was variable from batch to batch. 


of p-nitrobenzoic acid is 
Ik 


The total residue when subjected to 5% ethanolic 
potassium hydroxide gave aminoalcohol (34) (2 g) (detailed 
procedure will be described in the basic hydrolysis of 
the p-Nitrobenzamide derivative 41). 

bha divdroelvsis sof the geis7Oxazolines(3/) bysequeous 
hydrochloric-acid,in,ethanol: 

The procedure a) was employed, 95% ethanol (65 ml) 
and: cone>ehydrochlorie acid,(10 4m1)),wassused-instead ¢ot 
4N aqueous hydrochloric acid, and the reflux period was 
prolonged to 12 hours. The title compound (34) (0-7 g) 
was isolated from the cis oxazoline (37) @Qlo .g)ie 


c) Hydrolysis of the aminoester hydrochloride (40) 


by aqueous hydrochloric acid. 


The aminoester hydrochloride (40) (3 g, 0.01 mole) 
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when subjected to 4 or 12 hours reflux with 4N hydrochloric 
acid (20 ml) gave the product (S40 29 elmo sly 

ad) Hydrolysis of the aminoester hydrochloride 
(40) by aqueous hydrochloric acid in alcohol. 

A solution of the aminoester hydrochloride (12 g, 
0.04 mole) in a mixture of conc. hydrochloric acid (10 
ml) and 95% ethanol (10 ml) was refluxed for 16 hours 
and=gave the title compound (34) (1 ¢,21.72). 

e) Hydrolysis of the p-nitrobenzamide (41) by 
aqueous hydrochloric acid. 

A suspension of the p-nitrobenzamide (41) (16 g, 
0.6 mole) in 4N hydrochloric acid (120 ml) was refluxed 
for 3 hours, cooled and filtered. The filtrate was 
evaporated to dryness and the residue was basified with 
conc. sodium hydroxide and extracted with ether. Remov- 
al of the solvent from the extracts and distillation of 
residue gave’ the product (34) “(175 9g, 2124%).. The 
yield was not significantly improved when the reflux 
period was prolonged. 

The IR spectrum of the residue isolated from the 
filtration of the reaction mixture was identical with 
that of a prepared mixture of the cis aminoester hydro- 
chloride (40) and p-nitrobenzoic acid. This indicates 
that. Ne Oo migration happened during the reaction 


process and this migration was proved in the following 


experiments. 
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£) Hydrolysis of the p-nitrobenzamide (41) by 
aqueous hydrochloric acid in ethanol. 

A solution of the nitrobenzamide (41) (20.5 g, 
0.08 mole) in a mixture of 6N hydrochloric acid (100 ml) 
and 95% ethanol (50 ml) was refluxed for 10 hours. The 
reaction mixture was treated as previously described, 
the product (34) (2 g, 25.6%) being isolated. 

The residue of the reaction mixture also showed 
an IR spectrum consistent with that of aminoester hydro- 
chloride and p-nitrobenzoic acid mixture. 

When the reaction was carried out for 48 hours 
reflux, the yield was not improved. 

g) Hydrolysis of the benzamide (43) by aqueous 
hydrochloride acid. 

A Mixture of the benzamide (43 )e (200g 7.0.00 5mole) 
im aN hydrochloric acid (100) mijiiwas refluxed tor ali 
hours. The precipitate of benzoic acid, m.p. and mixed 
m.p. (with the authentic benzoic acid) 115-120" - was 
removed and the filtrate concentrated and cooled when 
white crystals (10 g) separated, m.p. PMNS 58 Upon 
recrystallization from ethanol-ether the m.p. was raised 
to 228-229° which was the same as the reported data (238°) 
for cis-2-aminocyclohexylbenzoate hydrochloride obtained 
by heating the benzamide (43)in asealed tube (Fodor and 
Kiss, 1950). Its IR spectrum showed two characteristic 
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bands for the assigned compound, 2700-2450 cm (On 
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and Vazo of amide. The mother liquid was evaporated 


OH 


to dryness and its IR spectrum had, in addition to 
characteristic peaks for cis-2-aminocyclohexylbenzoate 
hydrochloride, a Yon peak at 3390 en + which was iden- 
Eical WEehy that of cis-2-aminocyclohexanol hydrochloride 
and different from that of the starting material (3330 
and 3280 cm > LOR meee) re 


OH 
h) Basic hydrolysis of the p-nitrobenzamide (40) 


The p-nitrobenzamide (13.1 g, 0.05 mole) was 
dissolved in 5% ethanolic potassium hydroxide (300 ml), 
and the solution was refluxed for 36 hours. The cooled 
reaction mixture was then filtered and the solvent was 
evaporated under diminished pressure. The residue was 


extracted with ether, and the ethereal extract was 


washed with saturated aqueous sodium chloride, dried 


(Na,SO,) and evaporated to dryness, thus giving the 
eis aminoalcono|. (34) \(s.20q) 908ijumsp ei 4— 7a 2 


i) Basic hydrolysis of the benzamide (43) 

The previous procedure was followed and the benza- 
mide (10 g, 0.05 mole) produced the ticle compound (34) 
(5 g, 95%), m.p. 74-75°. 

j) Basic hydrolysis of the p-nitrobenzamide (41) 
in the presence of aqueous potassium hydroxide. 

A mixture of the p-nitrobenzamide (41) (13.1g, 


0.05 mole) and 10% aqueous potassium hydroxide (40 ml) 
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was refluxed for 24 hours while stirring. The mixture 

was filtered, white crystals (10 g), m.p. Of which was not 
depressed when mixed with the starting material, being 
collected. The filtrate was evaporated to dryness, and 
the residue was extracted with ether. The ethereal ex- 
tract after being dried (Na,SO,) gave the title compound 
(03.05) Gis, fain. Wree 745). 


k) Basic hydrolysis of the aminoester hydrochloride 


The aminoester hydrochloride (40) (3 g, 0.01 mole) 
was produced as described in procedure h) and converted 


eon ene. amanoalcohol (34) (1 gy, 872) mp. 72-93, 


(+) -cis-2-Aminocyclohexanol Hydrochloride 


The hydrochloride was obtained in quantitative 
yield by treating the base (34) with ethanol-HCl; it melted 


at ree= 340 (McCasland et al., 1949, reported 189-1905 )2 
(+) -cis-Dimethylaminocyclohexanol (29) 


The cis aminoalcohol (34) (8.5 g, 0.07 mole) was 
N,N-dimethylated as previously described (see trans 
analog) to give the tertiary amine (29) (9.5 g, 803), 
b.p. 102-104°/17 mm, m.p. 42-44° (Adank and Stoll, 1959, 
reported b.p. 95497— /1' Somme, map. A= 42 e)em acne gave a 
hydrochloride, m.p. 183-184° from ethanol-ether (Adank 


and Stoll, 1959, reported 1B2=183") 5 
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(+) -cis-2-Dimethylaminocyclohexyl Acetate Hydrochloride 
a eee ee = rs ne ele ee ee a RE 
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A toluene solution of the cis dimethylaminoalcohol 
(29) (2.0 g, 0.014 mole) and acetyl chloride (1.1 g, 0.014 
mole) was stirred for 1 hour, when the hydrochloride (64) 
(3.0 g, 99%) was collected. Recrystallization of the 
salt from ethanol-ether afforded white prisms, m.p. 137- 
L386 
Bie Le Calcd. fOr. Co AH. CINOmt C542 le Heo. Une 


LD 20 Z 
Found: 1C,) 54.5074, 660 6% 


(+) -cis-2-Dimethylaminocyclohexyl Acetate 


The acetate was obtained in 92% yield by treating 
the corresponding hydrochloride (64) with dilute ammonia, 
bfp* 1 W621 F2eWreE mm, (Adank and Stoll, 1959, reported 


100-102°/11 mm). 


(+)-cis-2-Dimethylaminocyclohexyl Acetate Methiodide (31) 


The methiodide was prepared as before in 91% yield, 
MP. Too-Tsa from methanol-ether (Baldridge et al., 1955, 


reported 182-183°% Adank and Stoll, 1959, 185-186%. 
(+)-cis-2-Dimethylaminocyclohexanol Methiodide 
2 Be es 


This compound was prepared in 90% yield by the 


usual method used before, m.p. 244-246° from ethanol- 


abixofinoxbyl e#sd08 f 


Lorioolsonimaiydtemib aio eat to noisuloe eneulot A 
bf0.0 .p f.1) ebitolds fyteos bas (efLom 810.0 ,.e 0.) (eS) 


(hd) sbhiroldoorbyd, edZ cerdw .twod { 10% bettita esw (efom — 


ot to nottsstilsseyioed .betosiloo asw (ee 1p 0.€) 


-Tél .q.m ,ameinq stidw bsbuotis xerite-Lonmsdts moxt 3ise 
“BEL 


.£0.@ ,H 3f£S.4¢ \2 OWLD Hy vot .bols) .1[snA 


* 
(,80.8 ,H 702.82 4D 2bns0F 


9363904 Lyxodoloyoonims Lydtemid~S-2eto~ (+) 
Ae —_———— 


paistsert yd bloiy #£2 aL benintdo esw ststoos odT™ 
_sinomms otu lib dtiw (he) abtxoldoorbyd paibnogesi105 sds 
hestogex ,e@@eL ,llose bas AnsbA) mm at\Csri-OLL .q.d 
(mm £1\°S0L-005 


(LE) sbtboklseM sistooA Lyxedoloysontms Lydtemid-S~ £9" (2) 


,bfsty #1e@ at stoisd es hexrsqe1q esw esbiboidjem eT’ 
,c2@ef ,.f8 t9 spbixtbisd) tedje-Llonsdtem moxt Osgf-cat -q- on 
agi-28L eaeL .Lfode bis AnebA PE81-SB1 bed 10qex 


sdt yd Bleiy #08 at cnet ite 25W sana tthe ater 


-fLonsdss mort Oancenns Re Frey sr0t%ed beau boron Isues 


=o moe 


ether (Baldridge ef al., 1955, reported m.p. 244-245°; 


Adank and Stoll, 1959, 251-252°), 


(£)-cis-2-Benzylaminocyclohexanol (38) 
ee 


benzyl chloride (0.45-qy_ 0.003) mole) sinvether was 
added dropwise to a refluxed and stirred mixture of the 
cis aminoalcohol (34) (0.33 g, 0.003 mole) and anhydrous 
K,CO, in ether. After the addition of benzyl chloride, 
the mixture was refluxed for another 6 hours. The pre- 
Cipitate was removed and the filtrate was evaporated to 
dryness. The residue was acidified with dilute hydro- 
chloric acid, and extracted with ether. The aqueous por- 
tion was then made basic with conc. sodium hydroxide and 
extracted with ether. The combined extracts obtained 
from the alkaline solution were dried (Na5SO,) and the 
ether was removed, thus giving the title compound (0.2 g, 
30S) i, Ms Dr 62-63° (Kover, 1958, reported 67°). It gave 
a hydrochloride, m.p. 245-946~ (Kover, 1958, reported 


24 B25 0°)" 


Diphenylacetyl Chloride (46) 


A mixture of diphenylacetic acid (20 g, 0.094 mole) 
and thionyl chloride (23.8 g, 0.2 mole) was refluxed for 
10 hours, and the excess of thionyl chloride was taken 
off under reduced pressure, thus affording white crystals 


of (46) (20 g, 92%), melting at 54-56°. Recrystallization 
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from ligroine gave white prisms, Ms: Dee 56-57° (56-57°, 


Merck Index, 1968). 


(+) ~trans-2-Dimethylaminocyclohexyl Diphenylacetate 
a a ee eee ere a 


Hydrochloride (47) 


A benzene solution of (f£)\-trans-2-dimethylamino= 
cyclohexanol (28) (4.3 g, 0.03 mole) and diphenylacetyl 
chloride (6.9 g, 0.03 mole) was stirred for 30 minutes 
at room temperature, when a white precipitate separated 
at the bottom of the solution. This material was ccllect- 
ed and recrystallized from ethanol-ether to give the 
title compound (1l g, 98%), m.p. 203-204°. 

BReSDeccteum: 

Wists 552 5—.and,.3255 cm? (overtone of CO, weak to 
medium), 2580-2310 (NH), 1745 cm! (co). 
Anal. Caled. 4£0% CoH, gC1NO,: CrmGio ects Lit se De 
Bound seeG; ~L0<e09¢eH, Weak. 


(+) -trans-2-Dimethylaminocyclohexyl Diphenylacetate 


Methiodide (49) 


The ester hydrochloride (47) (7 g) was neutralized 
with dilute ammonia and extracted with ether. The extract 
was dried (Na,SO,), the solvent evaporated to leave the 
crude free base ester (6.5 g), (+)-trans-dimethylamino- 
cyclohexyl diphenylacetate. 


The basic ester (3.3 g, 0-01 mole) was mixed with 


methyl iodide (2.8 g, 0.02 mole) in ethanol, and the 
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mixture stirred overnight at room temperature. Dry 
ether was then added to the reaction mixture until 
precipitation was complete. Upon recrystallization 
from ethanol-ethyl acetate-ether, the collected preci= 
pitate gave the title compound (4.2 g, 90%) in white 
rosettes, .m.p.. 176-1780. 


Anaie, Caled. tor C HINO Cao] 2Ol 22H OOO. 
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(+) -cis-2-Dimethylaminocyclohexyl Diphenylacetate 


Hydrochloride (48) 


This was obtained in high yield by the method 
deecribed for the, corresponding, trans, isomer. pits im. p. 
was 175-176° from ethanol-ether. 

PResSDpeccrum: 


v : 3500 and 3420 wie (overtone, Of COy. wi; 
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1 (wH), 1740 cm™+ 


2600-2400 cm (SO). 
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(+) -cis-2-Dimethylaminocyclohexyl Diphenylacetate 
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Methiodide (50) 


The procedure employed to make the trans isomer 
(49) was used to prepare the title compound. The crude 
(+) -cis-2-dimethylaminocyclohexyl diphenylacetate (3.3 g) 


yielded the title compound (4.3 g, 92%) as white prisms, 
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m.p. 164-165 from ethanol-ethyl acetate-ether. 


Anal. Calcd. 
a LOL C53H, INO 


Pound: “C, 57.41; H, 6.45. 
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(+) -trans-2-Dimethylaminocyclohexyl Benzilate (51) 
SSS SSS SPSS SSNS 


The trans-esterification procedure of Cannon 
(1960) was used. Methyl benzilate (commercially avail- 
abte)m(4e3 ¢},°0.03emolle) ewas placed together with (+)- 
trans-2-dimethylaminocyclohexanol (28) (7.3 g, 0.03 mole) 
in a l-liter three necked flask, equipped with a Dean- 
Stark moisture determination apparatus topped with a con- 
denser and aicalcium chloride'tube. Dry n-heptane ~ (600 
ml) and solid sodium methoxide (0.1 g) were added to the 
flask, and the mixture was heated and stirred. Addition- 
al sodium methoxide (0.19) was added after an hour 
reflux period. From time to time, the contents in the 
Dean-Stark apparatus were drained and discarded, and 
fresh portions of n-heptane were added to the flask to 
maintain the original volume. After 12 hours reflux, 
further sodium methoxide (0.19) was added. Reflux was 
continued for a total of 20 hours; the reaction mixture 
was then cooled and washed several times with water 
until the washings were neutral to litmus paper. The 
solvent was removed from the organic solution under re- 
duced pressure in a water bath; the residue was dissolved 


in ether and this solution dried (Na.SO,) filtered, and 
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evaporated, thus yielding the title compound (10 g, 
94%) as an oil which was used for the further reactions 


without purification: 


(+)-trans-2-Dimethylaminocyclohexyl Benzilate HyaTo= 
I A rm SN RADU ARE A, i i te agit secre oe eS he 


chloride (55) 


Treatment of the Crude benzilater(5i)) (3.3 7g, 
0.01 mole) with alcohol solution saturated with hydrogen 
chloride gave. the title compound (3.5 9g, 95%) as a solid. 
On recrystallization from ethanol-95% ethanol it gave 
white prisms melting at 232-233° with decomposition 
(Adank and Stoll, 1959, reported 227-229° from ethanol; 
King and Holmes, 1947, reported 230-231° from aqueous 
ethanol). 
Anan. Calcd. LOr Cn CUNOS* 2G. 10 7) Ca tly) ee ae 
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(+) -trans-2-Dimethylaminocyclohexyl Benzilate Methiodide 
re 


(57) 


The crude benzilate (51) (Se ONG 0. CLOVE) 
was stirred with methyl itodide"(>.2 9, 07.03° mole)” in 
ethanol for 2 hours at room temperature; anhydrous ether 
was then added to precipitate the desired salt (57) 

(4.6 g, 94%). The product on recrystallization from 


methanol-ethanol formed white prisms and melted at 153- 


ES5° 5 (King and Holmes, 1947, reported 145=146- for the 


monohydrate). 
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Anal. Caled. . : : 
c ror C53H3,)INO, H,0: CA Og woke os, Os eo 


Pound: GC, 54.008 H.-G 47. 
(+) -cis-2-Dimethylaminocyclohexyl Benzilate (52) 
re SSNS 


The title compound was obtained in 93% yield from 
(+) -cis-2-dimethylaminocyclohexanol (29) tnethe same 


manner as that described for making the corresponding 


trans isomer (51). 


(+)-cis-2-Dimethylaminocyclohexyl Benzilate Hydrochloride 


(56) 


Treatment Of the cis*crude benzilate” (52) with 
ethanol-HCl gave the title compound in 98% yield, m.p. 
264-265° from a mixture of chloroform-ethanol-ether 


(Adank and Stoll, 1959, reported 265-267°). 


(+)-cis-2-Dimethylaminocyclohexyl Benzilate Methiodide (58) 
rt 


Treatment of the cis crude benzilate (3.5 g, 0.01 
mole) with methyl iodide (5.229°0-03*mole)” in ethanol 
gave the title compound (4.5 g,92%), m.p. 238-240° from 
ether-chloroform (Adank and Stoll, 1959, reported 252-253° 


from abs. ethanol). 
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111) ° SYNTHESIS’ OF 4—t-BUTYL-2-AMINOCYCLOHEXANOLS AND 


a A NE A RE a OE 


THEIR DERIVATIVES 


4-t-Butylcyclohexene (78) 


> 
Commercial 4-t-butylcyclohexanol (60 g, 0.4 mole) 
was dissolved in pyridine (100 ml) and the solution 
treated with methanesulfonyl chloride (68.8 g, 0.6 mole) 
in portions under cooling by a dry ice-acetone mixture. 
The mixture was allowed to stand at room temperature for 
24 hours, carefully treated with water to decompose the 
excess of the chloride and then poured into water (600 ml). 
The crystals were collected, the dried product (75 g) 
suspended in collidine (50 ml), and the suspension heated 
to boiling for 12 hours under intensive stirring. The 
solution was cooled and poured onto a mixture of ice and 
hydrochloric acid and the product extracted with ether. 
The combined extracts were dried (Na,SO,), the solvent 
taken off and the residue distilled under reduced pres- 
sure, yielding the title compound (38 g, 70%) b.p. 56-60°/ 


ys. mm, nee 124593: (Sicher et ale, 1961, reported b.p. 


D 
Bess" 710 mm; nee 1.4587). 


PMR characteristics (CCl,): 


52 Hz (t-Bu, singlet), 336 Hz (viny lbiceprotons, 


broad doublet). 
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Dehydration Product (93) of 4=t-Butylcyciohexanol’ by 
ee eee 


Phosphoric Acid 


A mixture of 4-t-butyicyclohexanols (65 g)«0,42 
mole) and 85% orthophosphoric acid (18 g) in a flask, 
to which a fractionating column was attached, was 
heated at 90° for 30 minutes and then the temperature 
raised to 160°. The water formed during the reaction 
together with the desired olefins, distilled below 165°. 
The water in the distillate was separated from the oily 
layer, the latter being saturated with sodium chloride 
and, decanted, thus affording the crudé olefin product 
(55 g, 95%), b.p. 63°/16 mm. 

PMR characteristics (CCl,) 

32) Hz™(C-Bu, strong Singler), Ol ia (t-Bu, weak 
Singlet; intensity of this singlet varied from batch to 
batch) » s244hz (vinylic protons, broadesrqnal);, 336 Hz 
(viny EC =protons, broad doublet)” 

This dehydration product was probably a mixture 


of 2,3, and 4-t-butylcyclohexene. 


Studies of Isomerizarion of Olefin under Acid Conditions 


a) A mixture of 4-t-butylcyclohexanol (4 g) and 
85% orthophosphoric acid was heated for 1.5 hours and 
extracted with ether. The combined extracts were dried 


(Na.cO. ) andethe-ethes evaporated. The residue was used 


Ze ed, 
for PMR study. The PMR spectrum of this residue was the 
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Same as that of (93) except the intensity of the singlet 
at 61 Hz was relatively greater. 

The: intensity ratio: of the peak at 52 Hz to that 
at 61 Hz was 4.5:1 (calculated on the basis of the integral 
otseach singlet), 

b) The procedure of a) was applied but the reflux 
time was 4 hours. The intensity ratio was 2.64:1. 

c) The procedure of a) was repeated and the time 


for heating was.17 hours. The intensity ratio.was 1.48:1. 


Perbenzoic Acid 


50% hydrogen peroxide (31 g, 0.45 mole) was added 
dropwise to a slurry of benzoic acid (36.6 g, 0.3 mole) 
in methanesulfonic acid (86.5 g, 0.9 mole) with efficient 
agitation and the temperature maintained at 20-30 by 
means of an ice-water bath. After the addition was com- 
plete the mixture was still ina slurry form rather than 
a clear solution. The mixture was stirred for another 4 
hours and then cooled below eae Chopped ice (50 g) and 
ice-cold saturated ammonium sulfate solution were cautious- 
ly added in sequence while the temperature was maintained 
below 15°. 

The reaction mixture was extracted with four 50 ml. 
portions of benzene. The combined benzene extracts were 
washed three times with cold saturated (NH,) 5SO, and £1i1- 
tered. Iodometric titration with sodium thiosulfate of 


an aliquot of the benzene solution indicated that the 
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yield of perbenzoic acid was 35% (Silbert etal, , 1963). 


4-t-Butylcyclohexene Oxide (79) 


re 


To an ice-cold, mechanically stirred mixture of 
4-t-butylcyclohexene (78) (13.8 g, 0.1 mole) and anhydrous 
sodium carbonate (32 g, 0.3 mole) in methylene chloride 
(200 ml) was added dropwise commercial 40% peracetic acid 
(22 g, 0.11 mole) which had been treated with a small 
amount of sodium acetate. The mixture was stirred at 
room temperature until the methylene chloride solution 
gave a negative test with moist starch-iodide paper; 

40% peracetic acid (3 g) was added to the solution again 
and stirred for another 24 hours until the solution main- 
tained a positive test with moist starch-iodide paper. 
The solvent was removed by distillation at atmospheric 
pressure and the residue distilled through a fractionat- 
ing column to give the epoxide (79) as a colorless liquid 
(12.5 g, 81%), b.p. 80-94°/16 mm (Sicher et al., 1961, 
reported 78-80°/9 mm). Use of perbenzoic acid led toa 
simi lar product. 

PMR characteristics (CCl,): 

S0MH Zea (b= BuU essing let)i) e/g ekiz (epoxide ring pro- 
tons, broad doublet); no vinylic proton signal. 


A fraction of a colorless liquid, b.p. 68-76°/ 


16 mm showed a mixture of the starting olefin and the 


desired epoxide. 
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PMR characteristics (CCl,)# 


20 Hz (t-Bu of the epoxide), 52 Hz (E-Bu or the 
Olefin), 177 Hz (epoxide Ping erotons) ps so0 lhe  lVinvl ic 


protons). 


Epoxidation Product (94) of the Olefin Mixture (93) 
——— 


The procedure used to prepare 4-t-butylcyclohexene 
oxide (79) was repeated. The olefin mixture (93); (53 2559, 
0.39 mole) gave ancoloriess Liduid, (500g, ¢e42)5 .b).D. 
76-85°/16 mm. which Might.be composed o&£.2,,3 and 4-=t—butyl- 
cyclohexene oxide. 

PMR characteristics (CCl ,)? 

50 .HZ (t-Bu, (Singlet) , .93jHz,(t—Bussinglert) 758 (Hz 
(E=Bu, Singlet), .1/7 Hz, (epoxide ring protons, broad). 
PMR characteristics (CDC1.,): 

S000 27 ( CBU) oso detizie( E“Bu) 96 HZ) (e-Bu) 2138 Hz 
(epoxide ring protong). 

Awcolorless liquid (5°79); b.p. 68-76°/16 mm was 
also obtained and was a mixture of the starting olefins 
and epoxides. 

PMR characteristics (CC1,) ? 
50 ;slD2,. 56 end, Olen zeL Buy el hz (epoxide ring 


protons), 324 and 336 Hz (vinylic protons). 


Ring Opening Mixture (95) Derived From 4-t-Butylcyclohexene 


Oxide (79) and Benzylamine 
a 


A mixture of 4-t-butylcyclohexene oxide’ (12° 9g,..0.078 
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Mole), benzylamine (8.4 g, 0.078 mole) and water (10 

ml) was heated to boiling for 24 hours. The mixture was 
extracted with ether and the solvent evaporated under 
diminished pressure. The residue was distilled (using 

a water pump) anda fraction (4 g), b.p. 60-80°/16 mm, 
collected. This was a mixture of the epoxide and benzyl- 
amine. 

PMR characteristics (CDC1,) 

Bpoxide: = 50 Hz (t-Bu), 3eehz (ring proton), 
benzylamine: 231 Hz (CH,Ph, singlet), 490 Hz APh, sing 
Tet). 

The residue was distilled under vacuum to give a 
mixture of trans-2-benzylamino-cis-—4-t-butylcyclohexanol 
(95a) and trans-2-benzylamino-trans-5-t-butyl—ceyclonexa-— 
nol (95b) (14.5 g, 70%), b.p. 150-156°/2 mm. 

PMR characteristics (DMSO-d -) 

50 Hzie(t-Bu;, singlet), 222.Hz (CH,Ph, Singlet), 
A3/ Hz (Ph, singlet). 

isomeric t-bucyl and CH,Ph Signals could not be 
differentiated, as was also the same when spectra were 
recorded in CDCl 
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Ring Opening Mixture from the Epoxide Mixture (94) and 
“st Se ie ih i nh 
Benzylamine 


The epoxide mixture (94) (15.4 g, 0.1 mole) and 
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benzylamine (10.7 g, 0.1 mole), treated as previously 
described, produced a. fraction I (3 pee Copiers 81-86 -/16 
mm), a mixture of the starting materials (shown by PMR), 
and a fraction II (15 g) (b.p. 140-146°/0.1 mm), a mix- 
Lure Of trans-2-benzylamino-cis-4-butylcyclohexanol (95a) 


and trans-2-benzylamino-trans-5-t-butylcyclohexanol (95b). 


PMR Characteristics of.fraction: II (CC1,): 

al HZ (t-Bu), 222eHz (CH,Ph), 431 Hz (Ph) 

The hydrochloride of fraction II was prepared by 
treating it with ethanol-HCl and evaporating the solvent. 
PMR characteristics of the total hydrochloride (CDC13): 

50.and 52.5 Hz (t-Bu, two singlets of equal inten- 
Sity), 249 Hz (CH,Ph, broad, signal), 2249, Hz. (Po, multi 
plet). 

The total hydrochloride mixture was debenzylated 
and treated with aqueous sodium hydroxide. The free 
amino alcohols were N-tosylated by tosyl chloride to 
afford the N-tosyl derivatives (detailed procedure see 
ete ria. 

PMR characteristics of the total tosylates (DMSO-d _¢) 


showed two t-butyl singlets at 43 Hz and 48 Hz. 


trans-2-Benzylamino-cis-4-t-butylcyclohexanol Hydrochloride 
Sa alana o 


(96a) 


The total ring opened mixture (95) (26.1 g, 0.1 mole 


derived from the 4-t-butylcyclohexene oxide (79), was 
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treated with ethanol-HCl and the hydrochlorides of this 
mixture (96) were obtained as a viscous liquid after 
evaporation of the solvent. No solid was isolated when 
ethanol-ether, ether or petroleum-ether was used as sol- 
vent. White needles were finally crystallized from ited 
hexane, m.p. 150-160°. 


PMR characteristics (CDC1.) 


20) He (e=Bu), bo2 saeh2 (C=Bu)F yj 249 hz e(CHoPh,.boroad 


2 
Signal), 449 Hz (Ph, multiplet). 

The two t-butyl signlets were of equalcintensity. 
PMR icgharacteristics in D.0 showed a singlet at 50 Hz for 
the t-butyl groups of the two isomers. 

Fractionalorecrystallizeation sofythe ahydrochioride 
mixture from ethanol-ether gave white hexagonals of the 
pure trans-2-benzyl-amino-cis-4-t-butylcyclohexanol hydro- 
chloride (96a) (10 g, 34%), m.p. 175-176°. 


PMR characteris ties -(CDC1 2) 


3 
50 Hz (t-Bu), 183 Hz«(OH, jsinglet; overlapping with 

C-2 methine multiplet), 249 Hz (CH,Ph, broad; the C-l meth- 

ine signal was obscured by this resonance peak), 450 Hz 

(Ph, multiplet). 

Ana lseCal cds nG0n5 Cj 7H5gC1NO: Cym6S 255 gen, 9.48. 

Found: G@y968.413, \Hpee43: 


cis-4-t-butyl-trans-2-tosylamidocyclohexanol (8la) 
es 12, eet (Mees 


A crude mixture (95) of benzylaminocyclohexanols 
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(26 g, 0.1 mole) and 10% Pd/c (2.6 g) in absolute alcohol 
(50 ml) were hydrogenated under atmospheric pressure and 
the hydrogenation was stopped after the theoretical 
amount of hydrogen had been absorbed. The Pd/C was 
removed by filtration and the solvent evaporated afford- 
ing a mixture of the primary aminoalcohols (74a and 80) 
(17 g, 99%). The PMR spectra of this mixture in cDcl , 
or DMSO-d, could not be used to differentiate the t-butyl 
Signal of each isomer, the t-butyl signals of two isomers 
collapsing into one sharp singlet (52 Hz in cbcl, and 49 
Hz in DMSO-d¢) . 

The mixture of the primary aminoalcohols (17 g, 
0.1 mole) was dissolved in benzene (80 ml) and the solu- 
tion stirred for one hour with a solution of tosyl chlor- 
ide (21 g, 0.11 mole) in benzene (80 ml) and aqueous 10% 
NaOo (60 ml). ‘The mixture of N-tosyl derivatives (8la 
and 8lb) which separated in crystalline form was collect- 
ed, washed with water and a few ml of alcohol. Yield, 
30 g (94%), m.p. 165-170°. 
PMR characteristics (DMSO-d) : 

A3 Hz (t-Bu, singlet), 46 Hz (t-Bu, singlet), 142 
HZ (MePh, singlet), 454 Hz (Ph, multiplet). 

Fractional crystallization of this mixture from 
ethanol yielded the pure title compound (8la) as lustrous 


prisms (10 g, SA oy Mise Pot (Stehenm eteala,. 1701, 1e- 


ported 192-193°). 
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PMR characteristics (DMSO-d): 


43 Hz (ES Budi, 141 Hz (MePh), 454 Hz (Ph); two 
methine proton multiplets Overlapping each other in the 


range 180-215 Hz. 
trans~2-amino-cis-4-t-butylcyclohexanol (74a) 
———————— eee 


a) Sodium (2.0 g, 0.08 mole) was added to a sus- 
pension of finely ground ciss4-tebutyl-transs2-.osylamido— 
cyclohexanol (5.7 g, 0.016 mole) in commercial liquid 
ammonia (120 mi), in. portionss«during 15 minutes. 

After sodium (1.5 g ) had been added the color of 
the solution remained permanently blue. On complete addi- 
tion of sodium, stirring was continued for another hour, 

a small amount of ethanol carefully added to decompose 
the unreacted sodium, and the ammonia then allowed to 
evaporate. To the mixture was added a few ml. of water 
and the mixture extracted with ether; the combine extracts 
were extracted with hydrochloric acid (1:1), the acid 
extracts shaken with ether and made alkaline with concen- 
trated aqueous sodium hydroxide. The liberated base was 
dissolved in ether, the ethereal solution dried, the 
ether evaporated and the residue (74a) (2.2 g, 80%) re- 
crystallized from ethyl acetate-petroleum ether, m.p. 
108-109° (Sicher et al., 1961, reported 108.5-109.5°). 

It gave a hydrochloride, m.p.- 237-238° from ethanol- 


ether (Sicher et alin, 1964, reported 230-940 2) 
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PMR characteristics (CDC1.,): 


52 HZ (t-Bu), 183 Hz (C-2 proton, multiplet with 


Wy = 9-5 Hz), 218 Hz (C-1 proton, multiplet with Wy = 


Bey riz, Pz 


b) The pure benzylaminoalcohol hydrochloride (96a) 
(3 g, 0.01 mole) and 10% Pd/c (0.3 g) in absolute alcohol 
(10 ml) was hydrogenated under atmospheric pressure until 
the theoretical amount of hydrogen had been absorbed. 

The Pd/C was removed and the alcohol was distilled, thus 
affording the hydrochloride of the title compound (74a) 
(1.9 g, 95%). The solid was recrystallized from ethanol- 
ether, m.p. 236-238, undepressed by the hydrochloride 
obtained in procedure a). 

The hydrochloride was treated with excess 103% 
aqueous sodium hydroxide and the liberated free base was 
extracted with ether. The solvent of the dried (Na,SO,) 
ether extracts was evaporated and the residue (74a) crystal- 
lized from ethyl acetate-petroleum ether, m.p. LO ess 
undepressed by the free aminoalcohol (74a) derived from 
pathway a). The N-tosyl derivative of the free amino- 
alcohol (74a) was prepared as previously described, m.p. 


190-192°, mixed m.p. with (8la) 190-192°. 


trans-2-Dimethylamino-cis-t-butylcyclohexanol (75a) 


ae a eee 
A mixture of the aminoalcohol (74a) (0.85 g, 0.005 


mole), 40% formaldehyde (6 ml) and 88% formic acid (4 g) 
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was heated to boiling for 24 hours. The mixture was aci- 
dified with concentrated hydrochloric acid and evaporated 
to dryness. The residue was treated with excess 10% sodium 
hydroxide and extracted with ether. The solvent of the 
dried (Na,SO, ) extract was removed to afford the title 
compound (0.6 g, 60%). The product was not characterized 
analytically but its spectrascopic characteristics showed 
it to be the required material. 


IR\ spectrum: 
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PMR characteristics (CDC1,) 

52 HZ a(C—Bu)), 36. hz (NMe,), 235° Hz (C= proton, 
multiplet with Wa =~ 9.5 Hz) 3"the C=2” proton signal was 


obscured by the NMe. resonance. 


trans-2-Dimethylamino-trans-4-t-butylcyclohexyl Acetate 
AS ed pie ciate = 


Hydrochloride (99) 


A benzene solution of the crude dimethylaminoalco- 
hol (75a) (1.0 g, 0.005 mole) and acety. chloride Gla2 gg, 
0.0015 mole) was heated under reflux for 2 hours when the 
solid title compound (1.0 g, 72%) was obtained. Recrystal- 
lization of this solid from ethanol-ether gave white prisms, 
m.p. 183-184°. 
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Anal. Cal ¢ : : 
alcd. for Cease 5GINGs 1tiC 2¢60 252470, 10.16. 
Hounds (CA 60.425)5,+10.08. 


Pyridinium Hydrobromide Perbromate: 


Pyridine (30 ml) was mixed with 483 hydrobromic 
acid (60 ml). To this solution was added bromine (50 g) 
gradually with swirling and cooling. The red precipitate 
which formed was collected, washed with acetic acid and 
recrystallized from acetic acid (200 ml) to give red needles 
Koonce min. epee oS (Djerassi and Scholz, 1948, reported 


ee oe 
trans— and ¢is-2-Bromo-4=4-Bucylcyc onexanone = (L00Rand™ 102) 


To a solution. of t-butylcyclohexanone (12.3 g, 
0.08 mole) in a mixture (350 ml) of equal volumes of chloro- 
form and acetic acid was added pyridinium hydrobromide per- 
bromate (26 g, 0.08 mole) portionwise over 20 minutes while 
stirring. Immediate loss of red color was noted with the 
addition of each portion. The mixture was warmed on a 
steam bath for 1 hour, then poured into 160 ml 
of petroleum ether and water (1 litre) containing 0.5% 
sodium sulfite. The organic layer was separated and the 
aqueous layer extracted with 2 additional portions of 
petroleum ether. The organic layers were combined, washed 


with water and saturated NaCl solution, and dried (NajSO,) - 
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Removal of the solvent afforded a pale yellow liquid (18 
g, 97%) which was further distilled to give a colorless 
liquid (14 g, 80%), b.p. 70-85°/0.5 mm. The PMR spec- 
trum of the total distillate showed two broad methine 
multiplets, one centered at 255 Hz and the other at 272 
Hz. A broad carbonyl peak centered at 1725 om + appeared 
in its IR spectrum (thin film). 

The distillate was kept in the refrigerator when 
it completely solidified. When the solid was allowed to 
stand at room temperature some of it liquified. The 
residual solid was collected by suction. The filtrate 
was cooled again. The solidification and room tempera- 
ture melting procedure repeated several times. The com- 
bined residual solids of the cis bromo compound (102) 
(40g, 26% overall yield) were recrystallized from n-hexane 
Gui vim Gevay IpPLOduc ty map 66-68° (Allinger and Allinger, 
1958, reported 67-68.2°). 
tR ispec trum: 

Yea 1740 cm (CO) (Allinger and Allinger, 


1958, reported 1748 Aare when CCl, solution was used). 


PMR characteristics (CCl y) 

5), HAGCC-Bu)syp rez Hz (axial 2-H, Wa = eL8 HHz) 
(Garbischi; 1964, ©reported Wa = 717.29: HZ.) 

The filtrate of the trans bromo 1somer (100) (O27 


g, 52%) was obtained after 4 operations of the solidifi- 


cation and melting procedure and its PMR spectrum (CC1,) 


at - eee mm 
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Showed that a trace of the cis isomer (102) still re- 


mained. This material was used for further reactions. 


IR spectrum: 


-l , ; . 
CER L720 em (CO) (Allinger and Allinger, 1958, 


Peported | 7 24.cmesimhennit are seateealyaded n oie 
PMR characteristics (CCl 


4) 


96.5 Hz (t-Bu), 255 Hz (equatorial o-H,W,, = 6.5 Hz) 


H 


(Garbisch, 1964, reported W,, = 5.6 Hz), 272 Hz (axial o-H, 


very weak in intensity). 


cis~2-Ben Zylamino-4-t-butylcyclohexanone Hydrochloride 


(103) 


Benzylamine (3.0 g, 0.028 mole) was added to the 
trans bromo isomer (100) (3.4 g,. 02014, mole), in, ethanol 
(20 ml) when the solution turned to a purple color 
with evolution of heat. The purple solution was then 
heated to reflux under a nitrogen atmosphere until the 
color faded (about 3 hours). At this moment, crystals 
started to settle out. The refluxed solution was cooled 
and ether added to complete precipitation. The crystals 
of benzylamine hydrobromide were collected, m.p. 220. 
(Heilbron, 1965, reported 204°) mixed m.p. with benzyl- 
amine hydrobromide (prepared by treating benzylamine with 
hydrogen bromide, m.p. 211-222°) 219-221°. The solvent 
of the filtrate was evaporated, giving a residue (4.5 g). 


The residue was treated with ethanol-HCl and the benzylamine 
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hydrochloride, m.p. 258-260° (Merck Index, 1968, report- 
ed 253) mixed m.p. with benzylamine hydrochloride (pre- 
pared by treating benzylamine with ethanol-HCl) 258-261°, 
which formed was collected. The filtrate was heated under 
reflux for 30 minutes. Anhydrous ether was then added 
and the solution cooled when thertitle compound (07229, 
5%) separated as white prisms, m.p. 208-210°. 
IR spectrum: 
Bieant = 
yee 2725-26455 cm (NH )G, 73 0em (CO) 


PMR characteristics (CDC1 3): 


52 Hz (t-Bu), 218 Hz (a-H), W, = 20 Hz), 255 Hz 


H 
(CH,Ph, Wa ="10).5) Hz) 72445 BZ (Pheu tiplet)= 
Dial Ca uC. fOr CaN © UNG tae. a OOr. Od oar mono Or. 


P26 
POUnMCls C. 7 On) reel Jira Olly yn 1Orn ZO. 


This analysis is unsatisfactory, hence the product 


is impure. 


trans-2-Dimethylamino-4-t-butylcyclohexanone Hydrochloride 


(104) 


A stream of nitrogen was passed for 0.5 hour through 
an ethanol solution (10 ml) of the trans bromo isomer 
(100) (5.¢g, 0.02 Mole) ina three-necked flask; 7 to which 
was attached a dry-ice condenser, cooled in a dry ice- 


acetone bath. The nitrogen source was removed and anhydrous 


dimethylamine (20 ml) (at 0°) added. The dry ice-acetone 
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bath was removed and the mixture allowed to reflux for 

7 hours while stirring. The excess dimethylamine was 
evaporated under diminished pressure and ether added. 
Crystals of dimethylamine hydrobromide (its IR spectrum 
showed no ’c=0 absorption) which separated were removed 
by filtration and a few ml of ethanol-HCl added to the 
filtrate to bring about precipitation of the residual 
unreacted dimethylamine as hydrochloride (Lot Ssecry sta) — 
lized out very rapidly). The filtrate (after removal of 
the hydrochloride) was heated under reflux with ethanol- 
HCl for 0.5 hour and ether added to this solution. White 
crystals of the title compound (3.5 g, 70%) were obtained, 
180-183°. 


FR Speccrul: 
+ 


se -l anf. 
ves 2530-2300 cm (NH) 1730 cm (EO) 
PMR characteristics (D0) : 
Sanz KE-Bu)., w72 siz (NMe.), 254 Hz (¢=-H, Wa = 20 


HZ. 
Anave Calcd. LOL Cj 5H, 3C1NO: Cp eoa aH po Opes 
Hounds —C, 56.96; eH, L0LI0:. 

The analysis is unsatisfactory, hence the material 
is impure. 

When the reaction was carried out as above except 
without using ethanol as solvent, no reaction took place, 


the starting material (shown by PMR) being recovered and 


no dimethylamine hydrobromide formed. 
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Isomeric Reduced Products of the Ketone Hydrochloride 
(204) 


The crude aminoketone hydrochloride (104) (1.5 g, 
O<006 mole), mp. 167-171. (the presence of O on peak 
was shown by IR) was dissolved in absolute alcohol 
(20 ml) and the solution subjected to atmospheric hydro- 
genation over platinum oxide (O74-g)i ty After ixdays 
shaking with hydrogen more than the theoretical amount 
of hydrogen had been absorbed (this could have been 
due to leakage), the catalyst was removed by filtration, 
and the methanol was distilled affording a mixture of 
the desired alcohols and unreacted ketone. The IR spec- 
trum of the mixture (in Nujol) showed a medium Yoso band 
at 730 com> and a strong voy peak at 3310 cm. Pract1on= 
al recrystallization of this mixture Brom ethanol-ether 
gave the reduced alcohols (1 g, 67%), m.p. 230-232 
TR specerum: 

1 + 


eeeeek 3395 and 3310 cm (OH); 2700 ano (NH). (ne 
1 


Ye=o at OCI pa). 
PMR characteristics (D0) 

50) Hz, (E=Bu) yy 54 °H2 (t-Bu), 174 Hz (NMe,) , 261 Hz 
(C-1 methine proton, Wa = 10 Hz). C=2 methine proton 


Signal was obscured by NMe , Singlet. 


Anal. Calcd. for Cy 5H, 6C1NO: GeO lgdloa rarely ne Ue Leomke 


Found: C, 61.39; H, 11.12. 
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It 1s evident from the presence of two tSputy Eesing=- 
lets in its PMR spectrum that the product was a mixture 
of cis-2-dimethylamino-cis-4-5-butylcyclohexanol hydro 
chloride (105a) and trans-2-dimethylamino-trans-4-t- 
butylcyclohexanol hydrochloride (L056) wheThenrniensaiy.ot 


the singlet at 54 Hz was twice as that at 50 Hz. 


trans-2-Carbomethoxyamino-cis-4-t-butylcyclohexyl Iodide 
See eee 


(110a) 


TO*a COL SOolueion (-40°C) o£ 4—-t—butylcyclohnexene 
(78) (27.7 g, 0.2 mole) in anhydrous ether (500 ml) was 
added silver cyanateu (47%¢, 20.31 imole) (and stedinemts0.7 g, 
0.2 mole) portionwise. The mixture was allowed to warm to 
room temperature and stirred for 48 hours when it became 
a yellow green slurry. The inorganic salts were removed 
byeqravimetric £iltration. 

To the filtrate was added anhydrous methanol (50 ml) 
and the solution heated under reflux for 6 hours and allowed 
to stand overnight (the solution was then reddish brown) . 
The solution was washed with 10% aqueous sodium sulfite 
solution (150 ml) and then with water (100 ml) and finally 
4) The ether was removed and the residue was 


subjected to distillation under water pressure to remove 


dried (Na.SO 


the unreacted cyclohexene (78). 


PMR characteristics of the residue (CDC1 4) 


54 Hz (t-Bu), 64 Hz (t-Bu), 219 Hz (OMe) 221 Hz (OMe), 


no vinylic signal at 336 Hz. 
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The pale yellow solid (10 g) which crystallized 
from the cooled residue was collected; the PMR spectrum 
of this solid showed a major t-butyl signal cat “54 ¢h2 
and a very weak t-butyl singlet at 64 Hz. To the fil- 
trate was added a few ml. of methanol when another crop 
of solid (5 g) separated; the PMR spectrum of this solid 
was the same as that of the former. The combined crops 
were recrystallized twice from chloroform-methanol to 
give a pure isomer of white prisms of the title compound 
(i4%g, 212), mp. 154-155. 


Res lec cuuil: 


1 a 


v ="3260 and 3120 cm* (NH), 17002em ~~ (CO) 


max 


PMR characteristics (CDC1 4) 


54°Hz (t-Bu), 221°Hz (OMe) 246° iz (C-2 methine 


PLOtOn, MuULtiple&e with Wa = 14 Hz), 276 Hz (C=-1 methine 
proton, multiplet with Wa =") ba). colo Mz. (NH, broad 
Signal). 


Ava Calcd. OL H,,INO €; 4249 HH, 6.o3. 


£2 
found.) 4G, 42ale; Uy 0.57. 


9° 


Cyclic Urethane of cis-2-Amino-trans-4-t-butyl-cyclohexanol 
pee bene ws 
Gibleks) 


The pure acyclic urethane (110a) (5 g, 0.013 mole) 
Was’ HNeatea in an O11 bath Jat 150° at 0.01 mm for 20 minutes. 
The yellow residue was recrystallized from ethyl acetate 


affording white prisms of Chit) 2 Gpeo0le),. i. pe Ages 2. 
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(Sicher et al., 1961, reported 145-146°). 


IR spectrum: 


1 


Vinax? 3220 and 3120 cm ~ (NH), 1750 cm? (co) 


PMR characteristics (CDC1,) 
92 Hz (t-Bu), 247 Hz (C-2 methine proton, multi- 


plet with Wi = 7 Hz),278 Hz (C-1 methine proton, multi- 


plet with W 14 Hz), 355 Hz (NH), 


H 


Anal. ° : ; 
na Calc LOL C118 NO.: C, 66.96; H, 9.70, 


Pounds .C, 6/,L0? 9.62; 


cis-2-Amino-trans-4-t-butylcyclohexanol (74c 


~— 


A solution of the cyclic urethane (111) (1.3 g, 


0.007 mole) in 10% aqueous ethanolic 1N potassium hydrox- 
ide (100 ml) was heated under reflux for 12 hours. The 
ethanol was distilled and the residual aqueous solution 
extracted with CHCl ,. The combined Che oe extracts were 


and the solvent removed yielding (74c) as 


dried (Na,SO,) 
a white solid (0.9 g, 80%), m.p. 108-111°. ‘The solid 

when crystallized from benzene-petroleum ether had m.p. 
Tioeilae (Sicher et al, 1961, reported m.p. 142~-193°)4 

mixed m.p. with authentic cis-2-amino-5-cis~-t-butylcyclo- 
hexanol (112) (from Sicher) 85-86°, It gave a hydrochloride 
m.p. 242-244° (Sicher et al., 1964, reported 249-250°). 

PMR characteristics (CDC1,) 


51 Hz (t-Bu), 191 Hz (C-2 methine proton, multiplet 


with Wa = 8 Hz), 211 Hz (C-1 methine proton, multiplet 
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cis~2-Dimethylamino-trans-4-t-butylcyclohexanol (75c) 
—— ea eee 


A mixture of the aminoalcohol (74c) (0.51 g, 
0.003 mole), 40% formaldehyde (4 ml) and 88% formic acid 
(2.7 g) was heated under reflux for 24 hours and treated 
as previously described for making (75a). The pale yellow 
liquid (0.52 g, 88%) obtained was used without further 
purification. 
PMR characteristics (CDC1,): 

a2) HZ (t-Bu) >, 143-02 (NMe,), 155 Hz (C-2 methine 


proton, partially obscured by NMe. singlet) 219 Hz (C-1l 


2 
methine proton, multiplet with Wy = 10 Hz). 


cis>2-Dimethy amino-trans=4-t-butyloycionexy). Acetate 


Hydrochloride f(113) 


A benzene solution of the dimethylaminoalcohol 
(75c) (0.39 g, 0.0015 mole) and acetyl cHloride (0.314 g, 
0.004 mole) was heated under reflux for 2 hours, white 
crystals (0.4 g, 95%) being collected. Upon recrystal-— 
lization from ethanol-ether these melted at 140-142 © 
IR: spectrum: 

Nyaae mca and 3440 Ses (overtone of Ye=o! im) 5 
2660-2470 cm! (NH), 1745 cm (co). 
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Attempt to Prepare 2-Carboxy1-4-t-Butylcyclohexanone (87) 
Se Sal 


A small piece of potassium metal was added to 
stirred liquid ammonia (250 ml) in a 500 ml three 
necked flask equipped with a mechanical stirrer and a 
dry ice condenser, to which a CaCl. drying tube was con- 
nected. After the appearance of a blue color, a few 
crystals of ferric nitrate hydrate were added to dis- 
charge the coloration, followed by another small piece 
of ptassium. This procedure was continued until potas- 
Sium (4.5 g, 0.115 g atom) had been added. 

A solution of triphenylmethane (28.1 g, 0.115 mole) 
in anhydrous ether (150 ml) was added to the stirred 
potassium amide (0.115 mole) as rapidly as the ammonia 
was efficiently condensed. The mixture acquired an 
@Eange.coOlor,. After oneshour, «the: dry suce an,Ehe,conden- 
ser was replaced by crushed ice. The reaction mixture 
was then allowed to rise to room temperature and finally 
heated until no ammonia was evolved from the condenser, 
sufficient anhydrous ether being added gradually so that 
the volume of the mixture remained approximately 300 ml. 
The potassium triphenyl methylide reagent was obtained 
as blood red suspension in ether. 

The thus formed suspension was treated with a 50% 
ethereal solution of 4-t-butylcyclohexanone; the tempera- 


ture was maintained at Ceara and the addition was continued 
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until the solution decolorized; this occurred after 
the ketone (15 g) had been introduced. 

The reaction mixture was then transferred under 
nitrogen into a flask containing lumps: of dry ice’ (100 g), 
allowed to stand overnight while cooled by an ice bath, 
and then shaken with a cold (at BS. } 10% sodium hydrox- 
ide solution (100 ml). The aqueous alkaline solution 
was extracted twice with ether and then under cooling 


(-5° 


to 5°) acidified with 153 aqueous hydrochloric acid 
(at -5°). 

A dark brown, viscous oil separated and taken up 
in ether; the aqueous solution was extracted twice with 
ether. The combined ethereal extracts were evaporated 
to dryness and kept in a refrigerator when a dark brown 
lump (8 g) formed. The product was dried in a vacuum 
desiccator; colorless prisms emerged on the surface of 
the lump. The prisms (0.5 g), m.p. Me eohe mixed m.p. 
with the starting material Ag=19-. were collected and 
their IR spectrum was superimposable with that of 4-t- 
butylcyclohexanone. The lump was distilled, and the dis- 
tillate (5 g), b-p. 105-106°/15 mm, m.p. 48-49°, mixed 
m.p. with authentic 4-t-butylcyclohexanone 4g-49°. 

This process was tried once only. The recovery 
of the starting material is possibly due to decarboxyla- 


tion of the carboxylated product when it was treated with 


the acid. 
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2-Carbethoxy-4-t-butylcyclohexanone (14) 
ee 


A 250 ml three necked flask equipped with a mag- 
netic stirrer was fitted with a 100 ml dropping funnel 
and a condenser, the top of which was connected to a 
mercury trap to prevent the entrance of air during the 
reaction and for the detection of Jas? evolution. Gls 
Sodium hydride dispersion in mineral oil (12 g, 0.3 mole) 
was added to the flask and washed four times with benzene 
(50 ml). The benzene was removed with a pipette after 
the sodium hydride had settled. 

After most of the mineral oil had been removed, 
benzene (120 ml) was added to the NaH, followed by diethyl 
carbonate (23.6 g, 0.2 mole). This mixture was heated 
under, reflux, and a, solution of 4-t-butylcyclohexanone 
(15.4, 0.1 mole) in benzene (50 ml) was added dropwise 
over a period of 4 hours. After the addition was complete, 
this mixture was kept at the reflux temperature until the 
evolution of hydrogen ceased (ca. 1.5 hours). When the 
reaction mixture had cooled to room temperature, glacial 
acetic acid (20 ml) was added dropwise, followed by ice- 
cold water (100 ml), and the stirring was continued until 
ali the material had gone into the solution. The benzene 
layer was separated, and the aqueous layer was extracted 
three times with benzene (50 ml). The combined benzene 


extracts were washed with cold water (50 ml) three times. 
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The benzene and the excess diethyl carbonate were re- 
moved under water-pump pressure by gentle heating, and 
the residual material distilled. The fraction (pepe 
90-115°/1 mm) was collected. Redistillation gave the 
title compound (16 g, 71%), b.p. 99°/0.8 mm. 


IR spectrum: 


Vmax? 21745 and 1725 cm * (CO of the keto form), 


ies 5ecudel ol SccraawiCOhoreeEcheletoc ine 
PMR characteristics (CCl) 


SSelzge (teBu),, (b/8¢hzq(CH{~GH.0, itriplety, 250eHz2 


3 2 


(CH, CHO, quartet); the.ethyl signal of CHCH.0 varied 


from batch to batch probably because of the change in 
isomeric proportion. 

Anal. Caiecdanatror Cy 345503: Can68 29 9e nh noe SO 

Bound te.G 7,669.24; 4H, 10302. 


cis-5-t-Butyl-trans-2-hydroxycyclohexanecarboxylic Acid 
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A solution of the ester (114) (2256-9, 0. mole) 
and “sodarum borohydride "(i369 “9, O-l mole) im absolure 
alcohol (250°ml) was stirred for” 4 hours “at 0° and then 
acidified to pH 4-6 by addition of dilute hydrochloric 
acid. After the resulting mixture had been concentrated, 
the residue was extracted with ether and the ethereal 
extract was dried (Na,SO,) and evaporated to dryness, 


thus giving the reduced compound (115) (21 g, 92%), which 
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consisted of a mixture of stereoisomers of ethyl qscts 
buty1-2-hydroxycyclohexanecarboxylate. The sample used 
for analysis distilled at 86°/0.05 mn. 
Analsa=«Calcd..for C1 3H, 403: Ciaoe4o5e Hirel0 58s 
FPOUNGS 1eC, 68u4L° Hyel0.344 

The crude reduced product (115) (L2.9),+0.06 mole) 
was dissolved in 5% sodium methoxide in methanol (60 ml) 
and the mixture allowed to stand for 12, hours), then 
refluxed for 2 hours and treated with 50% aqueous sodium 
hydroxide solution (containing: about 1. g of the hydroxide) ; 
the last treatment instantly brought about crystallization 
of the sodium salt. The crystals were collected, dissolved 
ansehot.waters(50 ml)eand acidified switheconc. hydrochloric 
acid. The acid separated as an oil which crystallized 
upon cooling; it was extracted with ether and the dried 


(Na SO,) ether extract evaporated to give a crystalline 


2 
wesidue. (7.5) 9), which on crystallization frem acetone 
yielded the title compound (7 g, 60%), m.p. 144-145° 
srener et ale, 1961, reported 1461 ae The methanol 

of the filtrate (from which the sodium salt separated) 
was taken off and the semisolid residue thus obtained was 


treated as described for the crystals. The acid, in this 


case, failed to crystallize from acetone. 


Diazomethane in Ether 


Ethanol (95%, 25 ml) was added to a solution of 


potassium hydroxide (5 g) in water (8 ml) in a L00S mL 
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distilling flask fitted with a dropping funnel and an 
efficient condenser set downward for distillation. The 
condenser was connected to two receiving flasks in 

series, the second of which contained ether (20-30 ml). 
The inlet tube of the second receiver dipped below the 


surface of the ether, and both receivers were cooled to 


ae 


The flask containing the alkali solution was heat- 
ed in water bath to 65°, and a solution of N-methyl-N- 
nitroso-p-toluenesulfonamide (diazald, Aldrich) (21.5 g 
0.1 mole) in ether (about 200 ml) was added through the 
dropping funnel during 1 hour. When the dropping funnel 
was empty, more ether (40 ml) was added slowly and 
the distillation was continued until the distilling ether 
was colorless. The combined ethereal distillate contained 


about 3 g of diazomethane (this yield is given by Aldrich). 


Methyl cis-5-t-Butyl-trans-2-hydroxycyclohexanecarboxylate 
= = peecett id 


(89) 


The free acid (85) (455 6,5 040238°mole) *was¥directly 
esterified by addition of a small excess of the ethereal 
diazomethane prepared from diazald (10 g). After about 
10 minutes the resulting solution was treated with a few 
drops of glacial acetic acid and dried (Na,SO,) - The 


solvent was distilled leaving the title ester (3.5 g, 


63%) which, upon recrystallization from petroleum ether, 
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melted at 76-77.5° (Sicher et al., 1961, reported 79.80°). 


The crude sample was used for conversion to the hydrazide 


(83). 


cis-5-t-Butyl-trans-2-hydroxycyclohexanecarboxylic Acid 


Hydrazide (83) 


The methyl ester (89) (2.1 g, 0.01 mole) in ethanol 
(1 ml) was heated with 95% hydrazine (G57 6-9), 0. 02emole) 
on the water bath for one hour; on cooling the hydrazide 
(83) (1.5 g) separated, m.p. L7e=179 (Stcher ev al., 
1961, reported Ny sty his The filtrate was evaporated 
to dryness and the residue was recrystallized from ethanol 


tO atford another crop of the title compound (0.5 9). 


The total yield was 2 g (93%). 


Cyclic Urethane of trans=2-Amino-trans-4-t~-buryicyclohexanol 


(84) 


A solution of the hydrazide (83) (1.1 g;, 0.005 mole) 
in 1.1% aqueous hydrochloric acid (20 ml) was treated 
under efficient stirring with a solution of sodium nitrite 
(0.4 g, 0.006 mole) in water (8 ml) maintaining the tem- 
perature at 0=5- by external cooling; the stirring was 
continued for further hour after the addition. The mix- 
ture was extracted with ether and the combined extracts 


dried (NaSO,) - Absolute ethanol (10 ml) was added to 


the filtered ethereal solution and the ether removed under 
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diminished pressure without heating; the residual etha- 
nolic solution was then refluxed for one hour. Evapora- 
tion of the ethanol yielded a solid residue of the cyclic 
urethane (0.8 g 81%), m.p. 112-115° (Sicher et al., 1961, 
reported 124-125°). This crude product was used for 


hydrolysis. 
trans-2-Amino-trans-4-t-butylcyclohexanol (74d) 


A,selutionyo£ the cyclicqgurethane?\(84)n (Oa2% gy 
0.004 mole) in IN KOH in water-ethanol (10:1) (10 ml) was 
heated under reflux for 10 hours. The ethanol was dis- 
tilled and the residue extracted with ether. The ether- 


eal extracts were dried (Na SO,), the solvent distilled 


2 
and the residue upon recrystallization from ethyl acetate- 
petroleum ether afforded the aminoalcohol (74d) (0.5 g, 
82%), m.p. 92-94° (Sicher et al., 1961, reported 94.5- 
eee 
PMR characteristics (CDC1,): 

52 Hz (t-Bu), 147 Hz (OH, overlapping with C=2 


methinesmultiplet).7 182 .Hz)(G-Pemeth me (proton; multi- 


plet with Wa = 20 Hz). 
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iv) SYNTHESIS OF MORPHOLINE DERIVATIVES 
prmeee ts OF MORPHOLINE DERIVATIVES 


N-Methylmorpholine 


A mixture of 40% formaldehyde in water (112 ml, 
1.3 moles) and 88% formic acid (46 g, 1.3 moles) was 
added dropwise to morpholine (87 g, 1 mole) while cooled 
with an ice-bath. The addition took about 1 hour and 
the mixture was then refluxed for 5 hours. 

20% Hydrochloric acid was added to the refluxed 
solution to acidify the base and the solution was evapo- 
rated to dryness under reduced pressure. The residue was 
treated with excess 10% aqueous NaOH, extracted with 
ether and dried (Na,SO,) . The solvent was evaporated 
and the residue distilled to give N-methylmorpholine as 
a colorless liquid (75 g, 74%), b.p. 110-111° (Knorr, 
1889, reported WG -tigo/ 764 mm) . It gave a hydrochloride, 
ii De 205=206— from ethanol-ether (Knorr, 1889, reported 


205 -\.. 


N,N-Dimethylmorpholinium Iodide (117) 


A mixture of N-methylmorpholine (10 g, 0.1 mole) 
and methyl iodide (2.8 g, 0.2 mole) in methanol was heated 
for two hours. To this mixture was added anhydrous ether 
and the product then cooled. The crystalline solid which 
separated was collected and recrystallized from absolute 
alcohol to give the title compound as white needles (20 g, 


833 )a, Weds DA6=248~ (Knorr and Metthes, 1889, reported 


D5). 
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N-Benzyl-N-methylmorpholinium Bromide (118) 
qeste2n. ES OY lMO: A319 


The title compound was prepared in 93% yield in 
the same manner as that described for making the corres- 


ponding methiodide (117); it had m.p. 190-191° from abs. 


ethanol. 


Anal.  Catcd., for Cj 5H) gBrNo: CT, D2.047'm; 6.66. 


BOUnNGds. Cy 52.9 />"H, “68492 


N-Methyl-cis-2,6-dimethylmorpholine Hydrochloride (120a) 


Analogous to N-methylation of morpholine, a com- 
mercial cis and trans 2,6-dimethylmorpholine mixture (115 
g, 1 mole) was treated with 40% formaldehyde (112 ml) and 
88% formic acid (78 g) and was then acidified with conc. 
hydlrochtoriceacid) toegiveaarcEudesmixture of Lheacus and 
trans N-methylated hydrochlorides (132 g, 80%). Fraction- 
al crystallization of the mixture from ethanol-ether gave 
the pure N-methyl-cis-2,6-dimethylmorpholine hydrochloride 
(1204) (20629; 26420, mtpen 222-2285, 

NMR characteristics (CDCl): 

74 Hz (2,6-Me, doublet with J = 6.5 Hz), 171.5 Hz 
(HNMe, doublet with J = 5 Hz), 256 (methine protons, 
multiples). 

Anal:i?Calied. £or €_H) CANO: Ce 50 9/54 Su in Oo 
rPoundes}¢, 50.857 H, 9.63%. 


The mother liquid was recrystallized several times 


and a mixture richer in the trans isomer (120b) was 
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obtained, but the pure trans isomer could not be isola- 


ted. 


PMR characteristics (CDC1,) (only signals of trans 
1somers are given): 

71 Hz (equational Me, doublet with J = 6 Hz}, 
99.5 Hz (axial Me, doublet with J = 7 Hz), 174 Hz (HNMe 


doublet with J = 5 Hz). 


N-Methyl-cis-2,6-dimethylmorpholine (121) 


The pure cis hydrochloride (120a) (16.5 g, 0.1 
mole) was treated with excess 10% aqueous sodium hydrox- 
ide and extracted with ether, The combined ether extracts 
were dried (Na,SO,) and the solvent evaporated. Distil- 
lation or the residue gave the base (l21) acta (colorless 
Gu able ible! (eke ney are ee RO Ee) yeeros 132-134°. The sample was not 
analysed. 


PMR characteristics (CDCl.): 


3 
69 Hz (2,6-Me, doublet with J = 6.5 Hz), 134 Hz 


(NMe), 221 Hz (methine protons, multiplet). 
N,N-Dimethyl-cis-,6-dimethylmorpholinium Ttodide (i122) 
oo a 


The base (121) with methyl iodide (see preparation 


= oO é 
of 117) gave the title compound, m.p. 2308 5=23dna>- 7 ekn 
95% yield. 

PMR characteristics (D50) : 


76 Hz (2,6—-Me, doublet with J = & HZ op ey Zz 
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(NMe), 256 Hz (methine protons, broad Signal). 
Anal sCaled-Ofor CH. ONT: Cy, -35s42> Hy 669°. 


Found: .€, 35.66; Hip eG scr Oe 
N-Benzy1-N-methy1l-cis-2,6-dimethylmorpholinium Chloride 


(123) 


A mixture of the ers isomer (021) (6.550). 0405 
mole) and benzyl chloride (6.3 g, 0.05 mole) in absolute 
alcohol (30 ml) was heated to Terlux fon 10 hours. The 
alcohol was taken off under diminished pressure affording 
white crystals (12.5 g, 98%) of the quaternary a and 8 
mixture, (123). 

PMR characteristics (D50) (DSS as standard): 

16, HZ6(246=Me,..doublet with-J\w=+6.56HZhio 7OAHZ 
(2,6-Me, doublet with J = 6 Hz; slightly more intense 
thanesignalsat 76)Hz),184.Hz..(NMe),, 190 Hz.(NMe;eslightly 
less intense than signal at 184 Hz), 276 Hz (CH,Ph), 286 
HZ (CH5Ph, slightly more intense than signal at 276 Hz). 

Upon fractional recrystallization from ethanol- 
ether the crude product yielded the a-isomer of the title 
compound (3 g, 233), Map. 264-265°. 

PMR characteristics (D,0) (DSS as standard): 
79 Hz (2,6-Me, doublet with J = 6.5 Hz), 184 Hz 
(NMe), 286 Hz (CH,Ph) . 
Anal. Caleds “Lor C1 4H52CiNO: Cie de ili OO ae 
Found: °C, 65.73; H, §.82. 
Evaporation of the mother liquid and crystalliza- 


tion of the residue thus obtained from ethanol-acetone- 
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ether gave the g-isomer of the title compound (1 g, 88%), 
mips 2o6s0 37°. 
PMR characteristics (D.0) (DSS as standard): 

76 Hz (2,6-Me, doublet with J = 6.5 HZ 290) Hz 
(NMe), 276 Hz (CH,Ph) . 
Aad @alCd.s50r Ci4.u,-ClNOt C, b5.771 4h, Score 
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N,N-Dimethylcyclohexylamine 


A mixture of cyclohexylamine (20 g, 0.2 mole), 
40% formaldehyde (33 ml, 0.44 mole), 88% formic acid 
(30 g, 0.44 mole) and water (40 ml) was refluxed for 6 
hours. The solution was made basic with sodium hydroxide 
and extracted with ether, and the extract was dried 
(Na,SO,) . The ether was evaporated and the residue dis- 
tidled, yielding a colorless o1il.of the title compound 
(12 g, 50%), bep. 154-160° (veid&lek et al., 1960, report- 
ed 16@ede hiEagavesas hydrochloride, sm. ps 224-226° from 


ethanol-ether (Veidélek etyail.7 1960, reported 215-216 15 


Cyclohexyltrimethylammonium iodide (132) 


ce 


An ethanol solution of N,N-dimethylcyclohexylamine 
(3 g, 0.02 mole) and methyl iodide (5 g, 0.04 mole) was 
warmed for 10 minutes and then cooled. The white crystals 
(5 g, 78%) were collected and recrystallized from ethanol, 


m.p. 276-278° (Veidélek et al., 1960, reported 264-265°). 
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